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PLEIOTROPISM AND THE DEVELOPMENTAL CHANGES 
CORRELATED WITH FLOWERING 
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Palmerston North, New Zealand 
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Recently it has been suggested (HASKELL 1959) that the different 
vegetative characteristics of early- and late-flowering maize strains 
result from the close linkage between the genes controlling flowering 
time and a system of polygenes controlling vegetative growth. At the 
same time, evidence was presented which was considered to rule out 
the possibility that vegetative differences are the result of a pleiotropic 
effect of the genes which determine earliness or lateness; instead, it 
was postulated that a group of polygenes leading to reduced vegetative 
growth prior to flowering was closely linked to the genes for earliness 
and that allelic sets of polygenes leading to increased vegetative 
growth were linked to the genes for lateness. During selection for 
flowering time, it was suggested that parallel selection of these linked 
polygenic systems led to the appearance of correlated responses in 
vegetative growth. 

In discussions concerning the nature of the genetic control of such 
correlations, due consideration should be given to the physiological 
and developmental processes which occur as a seedling grows to 
maturity. An outline of the developmental changes accompanying 
flowering is therefore presented below and the possible genetic 
mechanisms involved are discussed in the light of this. 
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SELECTION FOR EARLINESS 


Early-flowering selections of hybrid maize were shown by HASKELL 
to produce fewer leaves before flowering than late varieties and also 
to be shorter than the latter at anthesis. On the basis of these obser- 
vations, he wrote: ‘Both plant height and leaf number regress on 
earliness. Therefore if the same genes were controlling these processes, 
Le. the genes for earliness have pleiotropic action, then the ratios of 
plant height to leaf number (i.e. mean internode length) should also 
show a similar regression.... This ís not so. Hence selection for 
earliness in sweetcorn has brought with it correlated changes in two 
different sets of polygenes,.... with one set controlling plant height 
and another independently controlling leaf number’. 

As both plant height and leaf number show similar regressions, 
it could surely be expected that the ratio of plant height to leaf number 
might be constant, in which case internode length would not differ 
between varieties. HASKELL's data do indeed show that both the early 
and late varieties have similar average internode lengths; midseason 
strains, however, have slightly greater average internode lengths than 
either extreme. Such a situation is readily explicable when consider- 
ation is given to the age of the plant at the time of flowering. During 
the vegetative phase, the internodes are always relatively short but 
the size of successive leaves increases from node to node. The total 
leaf area of an early-flowering plant at the time when floral primordia 
are being initiated will thus be less than that of one which flowers 
later. When flowering occurs, a correlated elongation of the stem 
takes place, the extent of which is dependent on the vigour of the 
plant. In younger, early-flowering, plants with correspondingly 
smaller leaf areas this elongation is less than in older, later-flowering, 
plants. In extreme cases of late-flowering, however, the average 
internode length will be less because of the presence of a large number 
of short internodes which formed during the vegetative phase. The 
expected relationship between internode length and earliness of flower- 
ing, on the basis of the factors discussed here, is shown in Figure 1. 
This theoretical expectation fits HASKELL’s maize data very closely 
and is based on no assumption of pleiotropism, in the strict sense of 
the term, or of closely-linked polygenes. The results obtained are 
simply those to be anticipated from a knowledge of plant growth 
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correlations, and HAsKELL’s conclusions are therefore totally un- 
justified. 

Relatively early flowering of one strain compared with another 
within a species can ensue as a result of either of two main possibilities. 
On the one hand, different flow ering times can be determined by the 
rate of growth of floral tissues after their inception, the actual time 
and position of floral initiation being the same in all cases, or, alterna- 
tively, flower initiation can occur at a lower node in one strain than 
another, rates of inflorescence growth being equal. 


AVERAGE _INTERNODE 
LENGTH 


EARLY iet tt ATE 
FLOWERING TIME 


Fig. 1. The theoretical relationship between average internode length and the 

time of floral initiation in maize. (a) Percentage of internodes which elongate in 

response to flowering. (b) Average final length of internodes which elongate in 
response to flowering. 


Early flowering, brought about simply by a relatively high in- 
florescence growth rate, will show no correlations with leaf or internode 
number. In the short-day plant, Chenopodium amaranticolor (un- 
published data), plants maintained in continuous light throughout 
life, except for a period of short-day inductive treatment ranging 
from 2 to 12 days, displayed varying intensities of reproductive vigour. 
The resultant differences in flowering time are shown in Table |. In 
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all the plants, however, induction of flowering took place at the same 
time and the first flowers developed at the same node. 


TABLE 1. The relationship between leaf length and flowering in Chenopodium 
| | 


Number of 8-hr.days | 2 4 6 8 1o 12 
received 


Average lamina length 
at node 22 (mm) 


SrlBe ge 170 ENE ENE In EEZ OE EO AEEA 


Average number of days 


to anthesis 


Correlations between flowering time and leaf and internode number 
will be very strong in cases of the second, and most widely investigated, 
type in which flowering time depends on the position of the lowest 
node at which flower formation occurs. Genes controlling flower 
position frequently act in conjunction with environmental circum- 
stances, rapid flower initiation only occurring once the daylength has 
reached the critical level set by the genes. Thus the early variety of 
Pisum sativum, ‘Alaska’, produces its lowest flowers at approximately 
the tenth node under a wide range of environmental conditions 
whereas the late variety, ‘Greenfeast’, produces up to 28 non-flowering 
nodes in short days before flower formation occurs but only 15 in 
long days (BARBER 1959). In the late variety, gene action leading 
to rapid floral initiation can only occur in long days. In instances such 
as the latter, which are very widespread, early flowering will obviously 
be directly correlated with the formation of a low number of leaves 
before floral initiation. As a result, also, an early plant will possess 
fewer internodes than a late one at the time of transition to the 
reproductive phase. This is the situation shown by HASKELL to exist 
in maize and, in cases of this type, genes leading to flower formation 
at low nodes cannot fail to bring about a developmental pattern in 
which the number of leaves and internodes present at the time of 
floral initiation is low. In such a situation the time of flowering and 
the number of leaves and internodes formed prior to flowering are 
obviously related and are bound to be affected by any genes regulating 
the degree of earliness. Correlated responses of this type cannot 
justifiably be considered to be the result of pleiotropic gene action 
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as they are no more than three different measures of the same charac- 
ter, ie. the point at which floral initiation occurs. For the same 
reason, any attempted explanation of these correlations by postulating 
the existence of closely-linked polygenic systems is entirely un- 
warranted. 


LEAF SIZE AND SHAPE 


In the vegetative phase of seedling growth, the size attained by 
fully expanded leaves increases from node to node until, after the 
formation of a certain number of nodes, a relatively constant maximum 
size is reached. This maximum leaf size is maintained until the onset 
of flowering, but, after the complete transition of an apex from the 
vegetative to the reproductive condition, the size of subsequently 
formed leaves decreases from node to node, the last-formed leaves 
rarely developing further than inconspicuous bracts. Accompanying 
these changes in leaf size, there are parallel changes in shape and 
arrangement. 

These foliar characteristics are closely correlated with flowering in 
such a way that there seems little doubt of their control, directly or 
indirectly, by the flower-inducing mechanism. Thus not only are leaf 
size and shape affected by the onset of the reproductive phase, but 
they are also proportionately influenced by varying degrees of floral 
initiation. 

In the previously described experiment on Chenopodium, the 
relationship between the degree of flowering and the final leaf length 
at node 22, initiated just prior to the start of short-day treatment, 
is shown in Table 1. The maximum size attained by the leaves on 
these plants, that at node 22 having been chosen as representative, 
decreases as the intensity of flowering increases. 

Changes in leaf shape correlated with flowering have also been 
observed to occur in many plants e.g. Melampyrum nemorosum 
(PRAT, 1948), Chenopodium amaranticolor (LONA, 1949) and Pisum 
sativum (BARBER, 1959). A clear relationship of this type has been 
shown to occur in Cannabis sativa, a quantitative short-day plant 
(THomas 1957). During the development of hemp from the séedling 
stage, the number of serrations formed on the middle lobe of each leaf 
increased, in long days, from an average of 11 at the lowest foliar 
node to 23 at node 9. During one experiment, plants were grown in 
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16-hour photoperiods for three weeks, transferred to 9-hour days for 1, 
2, 4, 6, 15 or 32 days and then returned to long days. As a result of 
these treatments, different degrees of flowering were induced and, 
correlated with this, proportionate decreases in the serration numbers 
of leaves developing during the period of exposure to short days 
(Figure 2). On being returned to long days, the plants reverted to a 
non-flowering state and the serration numbers of leaves developing 
under these conditions increased again from node to node. 


20 


@ De) lead 


AVERAGE SERRATION NUMBER 


Dd 


LASA A Sien Orendrerdrusd blank LI zand ine 10 ome OR Ld 
NODE NUMBER 


Fig. 2. The effect of various periods of short-day (SD) treatment on the number 

of serrations on the leaves at consecutive nodes of female plants of Cannabis 

sativa otherwise grown in long days (5 plants per treatment). Serrations were 
counted only on one margin of the middle lobe of each leaf. 


In a comparable experiment on the same species (HEsLoP HARRISON 
1956), it was shown that the application of «-naphthalene acetic acid, 
which delayed anthesis in short days, also promoted the increase in 
serration number normally accompanying the return to the vegetative 
state in long days. The close relationship between flowering and leaf 
shape is very apparent from experiments of this type; any treatment 
which increased flowering also decreased the number of leaf serrations 
and vice versa. 


Thus, although a strong correlation between leaf characteristics 
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and the initiation of reproductive organs is clearly noticeable under 
normal flowering conditions, the results of the above investigations 
point to an even closer relationship. It seems evident that the physi- 
ological condition of the plant leading to the development of flower 
primordia also determines leaf shape and size. Any gene, therefore, 
which influences flower formation, would be expected to exhibit a 
pleiotropic effect on leaf size and shape. 


STEM ELONGATION 


A relationship between stem elongation and the onset of flowering 
has long been recognised. Rosette plants, in which there is normally no 
internode extension during the vegetative phase, exhibit a very rapid 
elongation of the stem concomitant with the transition to the repro- 
ductive condition, a phenomenon commonly known as ‘bolting’. 
Circumstances leading to bolting, e.g. vernalization, long days or the 
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Fig. 3. The influence of photoperiod and flowering on internode elongation of 


Cannabis sativa (6 plants per treatment). The arrow indicates the time at which 
male flower buds first became visible macroscopically. 
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application of gibberellic acid, almost invariably also induce flowering. 

The widespread influence of gibberellic acid on cell extension and 
division in a diversity of tissues suggests that its primary effect in 
relation to the flowering of rosette plants might be on the initiation 
of stem elongation rather than the inception of flowering. It is possible 
then that one of the processes leading to stem elongation acts as a 
‘trigger’ releasing the chain of events which culminates in floral 
initiation although many of the observed inter-relationships between 
flowering and stem elongation cannot be explained on this basis. It has 
been clearly demonstrated (PRAT 1935, 1948), for instance, that in 
Triticum it is the developing inflorescences themselves which stimu- 
late the elongation of their subjacent internodes; removal of the young 
inflorescence actually prevents further elongation of the culm. 

In caulescent plants a similar increase in stem elongatioa is frequent- 
ly observed to accompany the onset of flowering. The situation oc- 
curring in a dioecious strain of hemp is shown in Figure 3; plants 
grown in natural photoperiods, averaging 14.5 hours per day, flowered 
later than those grown in 9-hour photoperiods, yet, in spite of their 
initially greater height, the former were outgrown by the latter just 
prior to anthesis in short days. 

The close relationship between flowering and the rate of internode 
growth is also apparent from some observations made on Chenopodium 
amaranticolor. Plants grown in 16-hour photoperiods for 26 days then 
received 0, 2, 6 or 34 short photoperiods before being returned to long 
days. The average numbers of internodes greater than 10 mm in length 
34 days after the start of inductive treatment is given in Table 2; a 
pronounced correlation clearly exists between the degree of flower 
induction and the rate of internode expansion. 


TABLE 2. The effect of tlower induction on internode elongation in Chenopodium 


34 days after the start of induction 
ee 


None 2 ed 
(long days only)/ short days | short days | short days 


Inductive treatment 


Number of internodes 


longer than 1 cm. 6.375 7.43 7.75 8.62 


15E. 5 ORE se 0:22 d- 0.32 + 0.486 
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Regardless of whether stem elongation is a result of increased cell 
divisions, cell expansion or internode numbers or, on the other hand, 
whether it is actually brought about by the synthesis of growth 
substances in the inflorescence or is induced by a basic reaction 
necessary for both flowering and elongation, all of which processes 
probably occur, its positive correlation with flowering occurs very 
widely. Thus any genes influencing flowering in these cases would be 
expected invariably to have a pleiotropic effect on elongation. 


DISCUSSION 


Before conclusions can be drawn as to the part played by pleiotropic 
gene action in controlling the appearance of correlated changes in 
plant development, consideration must be given to the meaning of 
the term pleiotropism. “Genuine pleiotropism’ has been defined by 
GRÜNEBERG (1943) as the control by a single gene of “two (or more) 
different effects which it produces directly and by the use of different 
mechanisms’, and situations in which one gene affects two or more 
things by means of the same mechanism or in which it affects only one 
thing which in turn causes other things to happen have been termed 
‘spurious pleiotropism’. Until far more is known of the biochemical 
background of the correlated changes in plants, it will not be possible 
to decide which type of situation exists. Genes influencing hormone 
synthesis in animals would almost certainly have pleiotropic effects 
of a spurious type, controlling several different characters by means 
of a single change in hormone production. Changes in leaf development 
and stem elongation accompanying flowering are more likely to be the 
result of manifold activity of a primary gene product which affects 
flowering than the outcome of reactions involving several different 
and independent primary gene products. The application of gibberellic 
acid to a rosette plant in non-flowering conditions generally induces 
stem elongation, flowering and reduction in leaf size. In this case a 
whole range of correlated changes is brought about by the influence 
of a single substance and the correlations are always so close that it 
seems very likely that the basic reaction, which has as one of its 
properties the capacity to initiate flowering, also directly induces the 
concomitant changes in vegetative growth. In the same way, flower- 
controlling gene systems can be envisaged to influence this basic 
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reaction which will also affect both stem elongation and leaf develop- 
ment. Considering the evidence presented in the preceding account, 
it is almost certain, therefore, that changes in leaf shape and plant 
height result from spurious pleiotropism of the gene system controlling 
flowering. 

Bearing in mind that a gene has also been defined as pleiotropic 
(SINNOTT, DUNN and DOBZHANSKY, 1950) “when an allele or alleles 
cause changes in two or more not obviously related parts or charac- 
ters’, there is no justification for considering the possibility that leaf 
or internode number result from pleiotropism of the flower-controlling 
gene systems. As mentioned earlier, these characters are very obviously 
related to the time of floral initiation. By manipulation of environ- 
mental conditions it would be possible, within one strain, to induce 
the characteristics of either an early- or late-flowering variety, rapid 
flowering leading to a dwarf plant with few non-flowering nodes and 
slow flowering resulting in the development of large plants with a 
greater number of non-flowering nodes. Spring and autumn sowings 
of the same variety of wheat were shown by PRAT (1935) to act in a 
comparable manner. The so-called correlated responses to selection, 
observed by HASKELL are, then, no more than the modifications of 
growth and development which are normally associated with early 
or late flowering. 

For the reasons just discussed, there is no need to introduce the 
concept of an independent system of polygenes influencing vegetative 
characters which is closely linked to the gene system which controls 
the onset of flowering. That selection for a given character can result 
in correlated responses in other characters as a result of such closely- 
linked polygenic systems is not disputed. Correlated responses appear- 
ing in experiments of MATHER and HARRISON (1949) which were 
designed to select for high and low chaeta numbers in Drosophila 
provide convincing evidence of the very close linkage of other poly- 
genic systems, but there is no reason to suppose that the correlations 
observed normally to accompany the onset of the reproductive phase 
in higher plants are not a result of pleiotropic gene action. 
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SUMMARY 


(1) Evidence is presented which refutes the suggestion by HASKELL 
(1959) that the low leaf and internode numbers resulting from the 
selections of early-flowering maize strains are the result of the action 
of polygenic systems which are closely linked to genes controlling 
flowering time. 

(2) The relationship between flowering and vegetative charac- 
teristics is discussed and the correlations between flowering, stem 
elongation and leaf morphology considered as strong evidence of the 
pleiotropic action of the genes controlling flowering time. 
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I. INTRODUCTION 


Considerable differences of opinion have been expressed by different 
authors as regards the taxonomy of the family Iridaceae. Though all of 
them agree as to the sub-division of the family into different tribes, 
opinions differ as to the delimitation of the latter. So far as this 
family is concerned, certain similarities in views are noted in the 
classification proposed by ENGLER and PRANTL (1930) and that of 
BENTHAM and HOOKER (1883). HUTCHINSON’s system (1934) on the 
other hand differs sharply in some respects from the above mentioned 
classifications. 

Discrepancies of suggestion so far expressed mainly involve the 
systematic affinities of the different genera. For example, the three 
genera, Watsonia, Actdanthera, and Gladiolus are all placed under 
the tribe Ixieae of ENGLER and PRANTL, as well as of BENTHAM and 
Hooker. Whereas Watsonia though is retained under Ixieae, the 
two others namely, Actdanthera and Gladiolus have been shifted under 
a separate tribe by HUTCHINSON. Similar differences in views can be 
noticed as regards the scope of the tribe Moreae. 

Trimezia, Neomarica (Marica) and Iris have been assigned under 
Moreae by both ENGLER and PRANTL as well as BENTHAM and HOOKER. 
HuTtcHINSON on the other hand, though retaining the two genera, 
Marica and Trimezia together, placed them under the tribe 
Mariceae. The genus /ris, along with other genera like Moreaea, etc. 
has been placed under a separate tribe Irideae. Similar opposing 
views have been held regarding the genus Belamcanda and the 
cytological observations so far carried out give full support to 
HurcHINsoN’s stand with regard to the status of this genus. 

Needless to mention that, because of the conflicting views thus 
expressed, Watsonia, Acidanthera, Gladiolus as well as Trimezia, 
Marica and Iris provide interesting materials from a cytological 
standpoint. It is well known that the several genera of dubious 
systematic status have been assigned to their respective positions 
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by a study of their cytology. As it is now well established that 
cytological researches provide ample clue to the solution of taxonomic 
problems, investigation on the six genera of the Iridaceae mentioned 
above seemed desirable. Of these Iris is well known to cytologists 
due to the sustained researches carried on for years by RANDOLPH 
(1934, 1947); RANDOLPH and RANDOLPH (1954); MrrrA (1955), and 
others (KAzZA0, 1928; LONGLEY, 1928; SIMONET (19281 IIA ELEN 
INARIYAMA, 1929; FOSTER, 1937; WESTERGAARD, 1938; KARASAWA, 
1950) too. Data regarding the other five genera is very meagre. 

Some of the representatives of Watsoma, Acidanthera, Gladiolus as 
well as of Trimezia, Marica and Iris are available in India. Of these, 
Gladiolus occurs in the plains while others mainly grow in the 
temperate and sub-temperate regions of the Sikkim Himalayas. 

In view of cyto-taxonomic interest, investigations on all of them 
have been undertaken and the data so far gathered have been outlined 
and interpreted in the text. 

Though cytologically well known, species of Iris have been in- 
cluded within the scope of this investigation because they provide 
with another fact of cytological interest. It is apparent from previous 
records (SIMONET, 1934, 1952; LövE and Löve, 1942; RANDOLPH, 
1947; LA CoUR‚ 1952; SAKAI, 1952; etc.) that, in some of the species 
of Iris a number of aneuploid individuals occur. In absence of an 
effective mode of sexual reproduction, the occurrence of such indi- 
viduals demands a more careful cytological study which may be 
helpful in working out their means of speciation. 

It has been shown recently in a series of publications (vide SHARMA, 
1956) that such category of plants have a characteristic inconstancy 
of chromosome complements in their somatic tissue, a mechanism 
which aids in their speciation. It has been thought worthwhile to 
find out how far such a behaviour is common to species of Iris too. 


IIT.- MATERIALS AND METHODS 


The present paper deals with a detailed cytological investigation 
on twelve species and varieties belonging to the family Iridaceae. 
These twelve species and varieties come under six genera such as 
Iris, Marica, Trimezia, Acidanthera, Gladiolus and Watsonia. The 
species and varieties worked out have been enumerated below: 
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Iris nepalensis, D. Don. 

1. japonica, Thunb. 

1. germanica, Linn. 

L. tectorum, Maxim. 

Marica gracilis, Herb. 

M. coerulea, Quel. 

Trimezia lurida, Salisb. 

Acidanthera bicolor, Hochst. 
Gladrolus watsomus, Thunb. Var. 1 
Gladiolus watsomus, Thunb. Var. II 
Gladiolus watsomus, Thunb. Var. III 
Watsomia iridifolia, Eckl. 

All these species and their different varieties are cultivated by 
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horticulturists through vegetative propagation. They grow mostly in 
the temperate belts in cold climates. In India they grow best in the 
temperate regions of the Sikkim Himalayas (over 6,000 feet) and as 
such have been obtained from the Chandra Nursery, Rhenock, Sikkim. 
As most of them occur in cold climate they do not flourish well in 
the plains. One species of Iris ie. 1. nepalensis and all the three 
varieties of Gladiolus however, have been obtained from the plains, 
the first species from the Imperial Nursery of Calcutta and the three 
varieties of Gladiolus from the Globe Nursery of Calcutta. 

Of the different species of the Iridaceae worked out, only Zris 
japomica, Marica gracilis, Trimezia lurida and Acidanthera bicolor 
have been observed to flower in the plains and that even for a very 
short time. Iris japomca was seen to flower in late September, 
Marica gracilis at the end of March, Zrimezia lurida during the rains 
ie. at the end of July and Acidanthera bicolor in April. 

The plants obtained from various localities were grown in pots in 
sand mixed with clay and in shady places. As the plants showed 
signs of wilting due to heat, they had to be watered at frequent 
intervals. 


A. Methods for the study of mitotic chromosomes 

i) Temporary: For satisfactory temporary preparations of somatic 
chromosomes, trials were made with various pre-treatment chemicals. 
In coumarine (SHARMA and BAL, 1953) and paradichlorobenzene 
(SHARMA and MOOKERJEA, 1955), the constriction regions were not 


344 A. K. SHARMA AND C. TALUKDAR 
clear in some cases and the chromosomes became highly contracted. 
A saturated solution of aesculine (SHARMA and SARKAR, 1955) yielded 
best results. The different pre-treatment chemicals, duration of 
treatment and temperature for temporary preparations for each 
species and variety have been given in table 1. 


TABLE I 
; ; Duration 
See emee yield- df pre Temper- 
ing best result lende ature 
1. Zvis nepalensis Saturated soln. l hour 14°C 
of aesculine 
2. L. japamica —do— 1-2 hours 12°C 
3. Z. germamica OE —do— —do— 
4. IL. tectovum dOr — do — — do — 
5. Marica coerulea —do— 3 hours —do— 
6. M. gracilis ii 2 hours 10°C 
7. Trimezia lurida —do— Overnight 10°—12°C 
8. Acidanthera bicolor —do— 114 hours 12°C 
9. Watsonia ividifolia —_ do j hour — do — 
10. Gladiolus watsonius, Var. 1 a-bromo- 3-4 hours 12°-—14°C 
naphthalene 
11. Gladiolus watsonius, Var. IL — do — —do— —do= 
12. Gladiolus watsonius, Var. III —do— —do— —do-— 


From the table given above it can be seen that in all the varieties of 
Gladiolus pre-treatment in a-bromonaphthalene (O’MARA, 1948) 
suited best. In all cases, after pre-treatment the materials were 
fixed in acetic-alcohol (1 : 1) for 45 minutes in room temperature 
except for Trumezia lurida where fixation had to be prolonged upto 
one hour. The root tips were next heated for 4-10 seconds in orcein- 
HCI mixture (prepared by mixing 9 parts of 2% aceto-orcein with 
| part of (N) HCI) and kept in the mixture for different periods for 
the different materials, mostly varying from 10 minutes to one hour. 
In case of Trimezia lurida staining difficulties had to be overcome 
by keeping the materials in 1% aceto-orcein for 3-4 hours to which 
a little 1% iron alum was added or by keeping the materials in the 
mixture for overnight and then smearing in 45% acetic acid. The 
former method yielded better results, since by the latter procedure, 
the metaphase chromosomes became highly swollen, obscuring their 
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structural details. The latter process proved to be more suitable, 
however, for all the three varieties of Gladiolus watsonius. 

Finally, the root-tips were smeared in 1% aceto-orcein, applying 
uniform pressure over the cover glass. The excess of the stain was 
blotted away. 

ú) Permanent: Permanent preparations were obtained by inverting 
the slides in tertiary butyl alcohol and then mounting in Canada 
balsam. Permanent preparations from paraffin blocks proved un- 
suitable especially when compared with the temporary ones. 


B. Methods for the study of meiotic chromosomes 

Where flower buds were available, meiotic studies were made both 
from temporary and permanent preparations, in 1% Aceto-Carmine 
solution and Nawaschin’s fluid respectively. 

The peak period for meiotic division varied from species to species, 
but in general it was seen to occur in the evening in all cases except 
for Trimezia lurida, where it occurred in the morning. 

All figures were drawn using a Zeiss compensating eye piece of 
X 20, and a 1.3 apochromatic objective with a condenser of 1.4 N.A. 
at a table magnification of x 3,600 approximately for somatic 
chromosomes in all cases and for meiotic chromosomes of 1. japonica 
and 7. lurida. All other meiotie chromosomes were drawn at a 
magnification of x 1,800 approximately. Idiograms were drawn from 
the normal somatic plates. The chromosomes with secondary con- 
strictions have been drawn in outlines only. 


III. OBSERVATIONS 


The twelve species and varieties of the Iridaceae investigated 
show many features of interest. In general, the chromosomes are 
of the long type especially in the four species of Iris, namely /ris 
japonica, I. nepalensis, I. tectorwm and I. germanica, with graded 
size-differences. This is also found to be the case with Marica gracilis 
and M. coerulea. Both these species however, vary widely in their 
karyotypes. 

Watsomia iridifolia shows chromosomes that are shorter than those 
of the above species, but the size-difference here is comparatively 


abrupt. 
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Figs 1-4. Iris japonica. Normal somatic metaphase plate with 36 chromosomes, 
idiogram of the same, variation nuclei showing 2n — 22 and 32 chromosomes, 
and meiotic stages respectively (vide text) (x 3600). 
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5) 


Figs 5-6. Iris japonica continued (X 3600). 


The other species of the Iridaceae investigated namely, Trimezia 
lurida, Actdanthera bicolor and Gladiolus watsonius with its three 
varieties are characterised by having chromosomes that are very 
short in comparison with the other species mentioned above, but 
having a graded size-difference. 

Genus Iris. 

Four species have been investigated namely, Zris japomica, I. 
nepalensis, 1. germamca and 1. tectorum. 


1. Iris japomca, Thunb. 2n —= 36 (figures 1-6) 

Plants with creeping rhizomes, bearing adventitious roots; leaves 
— large, narrow, lanceolate, distichous; flowers lilac coloured, medium- 
sized-showy, borne in spikes in spathes; anthers large, 3. 

The chromosomes of this species are fairly long in size with graded 
size differences varying from 1.9 u to 3.8 u. There are 10 chromosomes 
bearing secondary constrictions. 

On the basis of size, the chromosomes may be classified as 
follows: 

(i) Four pairs of long chromosomes. 
(ú) One pair of nearly long chromosomes. 
(ti) Nine pairs of medium-sized chromosomes. 
(iv) Four pairs of short chromosomes. 
On the basis of morphology, the chromosomes may be classified as 


follows: 
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Type A. — Two pairs of long chromosomes each with a sub-median 
primary constriction. 

Type B. — One pair of long chromosomes, each with two con- 
strictions, primary and secondary, one being sub-median 
and the other sub-terminal in position. 

Type C. — One pair of long chromosomes each with two constrictions, 
primary and secondary, one being nearly median, and the 
other sub-median in position. 

Type D. — One pair of medium-sized chromosomes, each with two 
constrictions, primary and secondary, one being sub- 
median and the other nearly median in position. 

Type E. — Seven pairs of medium-sized chromosomes, each having 
a primary constriction varying from a sub-median to a 
sub-terminal position. 

Type F. — Two pairs of medium-sized chromosomes each with two 
constrictions, primary and secondary, one being nearly 
median and the other sub-terminal in position. 

Type G. — Four pairs of short chromosomes each with a primary 
constriction varying from sub-median to sub-terminal 
position (Fig. 1 & la). 

In addition to the normal plates observed those showing 2n — 22 

(Fig. 2), 32 (Fig. 3) as well as 2n — 63, 48, 34, etc. have been observed. 

In meiosis multivalents have been observed (Fig. 4) showing 

2(IV), 2(III), 2(I) and 1O(II) in side view of the first division of 

metaphase. 

Fig. 5 shows a second meiotic metaphase with 26 chromosomes along 

one pole and groups of chromosomes at the other. 

Fig. 6 shows a second meiotic metaphase with 22 chromosomes along 

one pole and groups of chromosomes along the other. 


2. Iris nepalensis, D. Don. 2n — 30 (figures 7-9) 

Plants small with long rhizomes; leaves long, narrow, pointed at 
both ends; smooth. 

The chromosomes of this species are also long with graded size- 
difference (2.8 u to 5.83 u). On the basis of size, they fall into the 
following classes: 

(1) Four pairs of long chromosomes. 

(ú) Three pairs of nearly long chromosomes. 
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Figs 7-9. Iris nepalensis. Normal somatic metaphase plate with 30 chromosomes, 


27 and 36 chromosomes 


idiogram of the same and variation nuclei showing 2n 


respectively (X 3600). 
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(iii) Four pairs of medium-sized chromosomes. 

(iv) Four pairs of short chromosomes. 

There are 6 chromosomes with secondary constrictions. On the basis 

of morphology, the chromosomes fall into the following types: 

Type A. — Four pairs of long chromosomes, each with a sub-termiral 
primary constriction. 

Type B. — One pair of nearly long chromosomes each with two con- 
strictions, primary and secondary, one sub-median and 
the other sub-terminal in position. 

Type C. — Two pairs of nearly long chromosomes each with two con- 
strictions, primary and secondary, one sub-median, the 
other very close to it. 

Type D. — Four pairs of medium-sized chromosomes each with a sub- 
terminal primary constriction. 

Type E. — Four pairs of short chromosomes each with a primary con- 
striction varying from a median to a nearly median 
position (Figs. 7 and 7a). 

In addition to the normal plates observed, those showing 2n — 27, 

36 (Figs. 8 and 9) 34, etc. have also been observed. 


3. Iris germanica, Linn. 2n — 44 (figures 10-12) 

Plants with broad pale green coloured leaves which are similar in 
appearance to those of 1. japonica except that they are broader. 

The chromosomes of this species are much longer than those of the 
other species of Iris investigated with graded size-difference varying 
from 2.22 to 7.5. On the basis of size, the chromosomes of this 
species fall under the following classes: 

(ì) Two pairs of very long chromosomes. 

(ti) Four pairs of long chromosomes. 

(úi) Four pairs of nearly long chromosomes. 

(iv) Three pairs of medium-sized chromosomes. 

(v) Nine pairs of short chromosomes. 

There are four chromosomes bearing secondary constrictions. On the 

basis of morphology, the chromosomes fall under the following types: 

Type A. — Two pairs of very long chromosomes, each with two con- 
strictions primary and secondary, one sub-median and the 
other sub-terminal in position. 

Type B. — Four pairs of long chromosomes, each with a primary 
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Figs 10-10a. Iris germanica. Normal somatic metaphase plate showing 44 
chromosomes and idiogram of the same respectively (x 2900). 


constriction varying from a median to a nearly median 
position. 

Type C. — Four pairs of nearly long chromosomes, each with a sub- 
median primary constriction. 

Type D. — Three pairs of medium-sized chromosomes, each with a 
nearly median primary constriction. 

Type E. — Two pairs of short chromosomes, each with a primary 
constriction varying from a sub-median to a nearly 
median position. 

Type F. — Seven pairs of short chromosomes each with a sub-termi- 
nal primary constriction (Figs. 10 and 10a). 

In addition to nuclei showing the normal chromosome complement, 
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clei showing 38 and 28 


Figs 11-12. Iris germanica co 
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Figs 13-14. Iris tectorwm. Normal somatic metaphase with 32 chromosomes, 
idiogram of the same and variation nuclei showing 30 and 25 chromosomes 
respectively (Xx 3600). 
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Fig. 15. Iris tectorum continued. 


those showing 2n — 38, 29 (Figs. ll and 12), 33, 36, 48, 45, 38, etc. 
have also been observed. 


4. Iris tectorum, Maxim 2n — 32 (figures 13-15) 
Plants with practically no external difference from /. germanica. 
The chromosomes of the species are also of the long type showing 
a graded size-difference varying from 1.3 u to 4.8 gp. On the basis of 
size, the chromosomes of this species fall under the following classes: 
(i) One pair of very long chromosomes. 
(ii) One pair of long chromosomes. 
(ii) One pair of nearly long chromosomes. 
(iv) Seven pairs of medium-sized chromosomes. 
(v) Six pairs of short chromosomes. 
There are 6 chromosomes that bear secondary constrictions. On the 
basis of morphology, the chromosomes of this species fall under the 
following types: 
Type A. — One pair of very long chromosomes, each with a nearly 
sub-median primary constriction. 
Type B. — One pair of long chromosomes each with a sub-median 
primary constriction. 
Type C. — One pair of nearly long chromosomes each with two con- 
strictions, primary and secondary, one nearly median, and 
the other sub-median in position. 
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Figs 16-17. Marica gracilis. Normal somatic metaphase plate showing 24 
chromosomes, idiogram of the same, variation nuclei with 23 and 25 chromo- 
somes and meiotic stages with 6(II) + S(IV) in side view respectively (Xx 3600). 
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Type D. — Two pairs of medium-sized chromosomes, each with a sub- 
terminal primary constriction. 

Type E. — One pair of medium-sized chromosomes, each with two 
constrictions, primary and secondary, one sub-median, 
the other sub-terminal. 

Type F. — One pair of medium-sized chromosomes each with two 
constrictions, primary and secondary, one nearly median, 
the other sub-median in position. 

Type G. — Three pairs of medium-sized chromosomes each with a 
nearly sub-median primary constriction. 

Type H. — Six pairs of short chromosomes, each with a primary con- 
striction varying from median to a sub-median position 
(Figs. 13 and 13a). 

In addition to normal plates those showing 2n — 30 (Fig. 14), 
2n = 25 (Fig. 15), aad 2n — 27, 28, etc. have also been noted. 

Genus-M arica. 

Two species have been investigated namely, Marica gracilis and 

M. coerulea. 


Ss. Marica gracilis, Herb 2n — 24 (figures 16-24) 

The plants have leaves somewhat crowded together, being dis- 
tichous in arrangement. The characteristic feature is the production 
of dwarf shoots at the tips of the leaves. The leaves are lanceolate 
and broad; flowers, large, showy, in spikes, blue with yellow spots; 
anthers white and large. 

The chromosomes of this species are of the long type with graded 
size-difference (1.6 g to 4.4 u). On the basis of size, the chromosomes 
of this species fall under the following classes: 

(1) One pair of very long chromosomes. 

(u) Four pairs of long chromosomes. 

(ti) One pair of nearly long chromosomes. 

(iv) Two pairs of medium-sized chromosomes. 

(v) Three pairs of short chromosomes. 

(vi) One pair of very short chromosomes. 

There are four chromosomes with secondary constrictions. On the 
basis of morphology, the chromosomes of the species fall under the 
following types: 

Type A. — One pair of very long chromosomes each with two con- 
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Figs 18-20. Marica gracilis continued (x 3600). 
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Figs 21-24. Marica gracilis continued (> 3600). 
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strictions, primary and secondary, one sub-median, the 
other sub-terminal in position. 

Type B. — Four pairs of long chromosomes each with a primary con- 
striction that is nearly median in position. 

Type C. — One pair of nearly long chromosomes each with two con- 
strictions, one primary, another secondary, one being 
nearly median, the other sub-terminal. 

Type D. — Two pairs of medium-sized chromosomes, each with a 
single primary constriction being sub-median in position. 

Type E. — Three pairs of short chromosomes, each with a sub-terminal 
primary constriction. 

Type F. — One pair of very short chromosomes each with a nearly 
median primary constriction (Figs. 16 and 16a). 

In addition to the normal plates described above, those showing 

2n = 16 (Fig. 17), 23, 25 (Figs. 18 and 19) respectively have also 

been observed. 

In meiosis, quadrivalents have been found in addition to normal 
bivalents. However, P.M.C.'s showing abnormal chromosome numbers 
have also been noted. 


Fig. 20. — Showsa first metaphase plate in side view with 6 bivalents 
and 3 quadrivalents. 

Fig. er. — Showsa first meiotic anaphase with 12 chromosomes along 
each pole. 


Fig. 22. — Shows a first meiotic anaphase with groups of chromo- 
somes at either pole, with 1 lagging bivalent. 

Fig. 23. — Shows a first meiotic metaphase in polar view, with 15 
bivalents. 

Fig. 24. — Shows a first meiotic metaphase with 14 bivalents. 


6. Marica coerulea, Quel. 2n — 44 (figures 25-26) 

Plants resemble M. gracilis in general habit, but the leaves are 
spreading and borne on an aerial stem; they are long with smooth 
surface. 

The chromosomes of this species are also of the long type with 
size-difference that is gradual (26u to 4.5). On the basis of size 
the chromosomes of this species fall under the following classes: 

(i) Eight pairs of long chromosomes. 
(ii) Two pairs of nearly long chromosomes. 


360 A. K. SHARMA AND C. TALUKDAR 


2oa 


Figs 25-25a. Marica coerulea. Normal somatic metaphase plate with 44 chro- 
mosomes, idiogram of the same, variation nucleus showing 26 chromosomes 
respectively (x 3600). 


(ti) Six pairs of medium-sized chromosomes. 

(iv) Six pairs of short chromosomes. 

There are 4 chromosomes with secondary constrictions. On the basis 

of morphology, the chromosomes of this species fall under the follow- 

ing types: 

Type A. — One pair of long chromosomes, each with two constrictions, 
primary and secondary, with one nearly median and the 
other sub-terminal in position. 


Type B. 
Type C. 
Type D. 


Type E. 


Type F. 
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Fig. 26. Marica coerulea continued (x 3600). 


Three pairs of long chromosomes, each with a median 
primary constriction. 

Four pairs of long chromosomes, each with a sub-median 
primary constriction. 

One pair of nearly long chromosomes, each with a sub- 
terminal primary constriction. 

One pair of nearly long chromosomes, each with two con- 
strictions, primary and secondary, one sub-terminal, the 
other sub-median. 

Six pairs of medium-sized chromosomes each with sub- 
median to sub-terminal primary constriction. 


Type G. — Six pairs of short chromosomes, each with a sub-median 


primary constriction (Figs. 25 and 25a). 


In addition to normal plates, described above, those showing 2n — 26 
(Fig. 26), 32, 34, 46, etc. have also been noted. 

Genus Watsomia. 

Only one species has been investigated. 


7. Watsomia 1ridifolta, Eckl. 2n —= 18 (figures 27-29) 
Plants with large bulbs bearing long linear leaves that are arranged 
in a distichous manner arising directly from the bulb; leaf margin 


slightly rough. 
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Figs 27-29. Watsonia iridifolia. Normal somatic metaphase plate showing 18 
chromosomes, idiogram of the same, variation nucleus with 15 chromosomes and 
somatic reduction respectively (x 3600). 


The chromosomes of this species are shorter than the above 
mentioned species with size-difference ranging from 1.503 gy to 


2.52 y. On the basis of morphology, the chromosomes of this species 
fall under the following classes: 


(i) One pair of very long chromosomes. 
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(u) One pair of long chromosomes. 

(ti) Two pairs of medium-sized chromosomes. 

(iv) Five pairs of short chromosomes. 

There are two chromosomes with secondary constrictions. On the 

basis of morphology, the chromosomes of this species fall under the 

following types: 

Type A. — One pair of very long chromosomes each with a single 
primary constriction nearly sub-median in position. 

Type B. — One pair of long chromosomes each with two constrictions, 
primary and secondary, one sub-median and the other 
sub-terminal in position. 

Type C. — Two pairs of medium-sized chromosomes, each with a 
sub-median primary constriction. 

Type D. — Five pairs of short chromosomes, each with a sub-terminal 
primary constriction (Figs. 27 and 27a). 

In addition to the normal somatic plates described above, those 

showing alterations, both structural and numerical, have also been 


observed. 
Fig. 28. — Shows a somatic metaphase plate with 15 chromosomes, 
Fig. 29. — Is a plate showing somatic reduction with two groups of 


6 chromosomes. 
Genus Acidanthera. 
Only one species has been investigated, namely Actdanthera bicolor. 


8. Acidanthera bicolor, Hochst. 2n — 30 (figures 30-35) 

Plants with flattened bulbs bearing long lanceolate leaves; leaf 
stalks red in colour; flowers deep purple, large, borne in spikes. 

The chromosomes of this species are small with graded size- 
difference ranging from 1.0g to 23u. On the basis of size the 
chromosomes of this species fall under the following classes: 

(i) Three pairs of very long chromosomes. 

(ü) One pair of long chromosomes. 
(iii) Six pairs of medium-sized chromosomes. 
(iv) Five pairs of short chromosomes. 

There are 5 pairs of chromosomes with secondary constrictions. 

On the basis of morphology, the chromosomes of this species fall 


under the following types: 
Type A. — One pair of very long chromosomes each with two con- 
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Figs 30-32. Acidanthera bicolor. Normal somatic metaphase plate showing 30 
chromosomes, idiogram of the same and variation nuclei showing 28 and 24 


chromosomes respectively (Xx 3600). 


strictions, primary and secondary, one sub-median and the 


other sub-terminal in position. 


Type B. — One pair of very long chromosomes each with a median 


primary constriction. 


Type C. — One pair of very long chromosomes, each with two con- 
strictions, primary and secondary, one sub-median, the 


other sub-terminal. 
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Figs 33-35. Acidanthera bicolor. Continued. Meiotic stages (vide text) (X 3600). 


Type D. — One pair of long chromosomes, each with two constrictions, 
primary and secondary, both situated at equal distances 
from the longest arm. 

Type E. — Two pairs of medium-sized chromosomes, each with a 
primary constriction situated sub-terminally and having 
a satellite attached towards the distal end of the shorter 
arm. 
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Type F. — Four pairs of medium-sized chromosomes, each with a 
median primary constriction. 

Type G. — Five pairs of short chromosomes, each with a median 
primary constriction (Figs. 30 and 30a). 

In addition to normal plates, those showing numerical as well as 

structural alterations of chromosomes have also been noted with 

2n — 28, 24 (Figs. 31 and 32) 25, etc. 

In meiosis multivalents have been noted in addition to normal 
bivalents. 

Fig. 33. — Shows a first meiotic metaphase plate with 11 bivalents 
and 2 quadrivalents. Disjunction of the bivalents is 
regular with 15 chromosomes at cither pole (Fig. 34). 

In addition to P.M.C. s showing the normal chromosome number, 
those showing chromosome numbers other than the normal one, have 
also been noted. Thus Fig. 35 shows a diakinesis stage with 14 
bivalents and 1 quadrivalent. 

Genus Trimezia. 

Only 1 species has been investigated, namely Zrumezia lurida. 


9. Trimezia lurida, Salisb. 2n — 76 (figures 36-38) 

Small plants with tunicated bulbs; leaves narrow, with a prominent 
midrib; flowers yellow, with black spots, borne in spathes in a 
sympodial manner. 

The chromosomes of this species are very small, with a size differ- 
ence varying from .8 u to 1.94 u and on the basis of size, they may 
be classified as follows: 

(1) Two pairs of long chromosomes. 
(u) Two pairs of nearly long chromosomes. 

(ti) Seven pairs of medium-sized chromosomes. 

(iv) Twenty pairs of short chromosomes. 

(v) Seven pairs of very short chromosomes. 

There are 16 chromosomes with secondary constrictions. On the 

basis of morphology the chromosomes of this species may be classified 

into the following types: 

Type A. — Two pairs of long chromosomes each with two constrictions, 
primary and secondary, one nearly median, the other sub- 
median. 

Type B. — Two pairs of nearly long chromosomes, each with two 
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Figs 36-38. Trimezia burida. Normal somatic metaphase plate showing 76 

chromosomes, idiogram of the same and variation nucleus with 98 chromosomes 

and meiotic stages showing 4(IV) + 3(III) + 1(I) + 25(1I) respectively 
(x 3600). 


constrictions, primary and secondary, with one sub- 
median, the other sub-terminal. 

Type C. — Two pairs of medium-sized chromosomes, each with two 
constrictions, one sub-median and the other lying close 
to the former. 

Type D. — Three pairs of medium sized chromosomes, each with a 
nearly median primary constriction. 

Type E. — Two pairs of medium sized chromosomes, each with two 
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constrictions, primary and secondary, both being sub- 
terminal on either side of the longest arm. 

Type F. — Twenty pairs of short chromosomes each with a median 
to a nearly median primary constriction. 

Type G. — Seven pairs of very short chromosomes each with a nearly 
median to a sub-median primary constriction (Figs. 36 
and 36a). 

In addition to normal plates, those showing numerical as well as 

structural variations of the chromosomes with 2n — 98 (Fig. 37), 89, 

74, 58, 72, etc. have also been noted. 

In meiosis, in addition to normal bivalents, quadrivalent, trivalent 
and univalents have also been noted. Thus, Fig. 38 shows a first 
meiotic metaphase in polar view with a configuration of 4(IV), 
S(HI), 1(I) and 25(II). 

Genus Gladiolus. 

Only one species namely Gladiolus watsonius, Thunb. with its three 
varieties has been investigated. 


10. Gladiolus watsonius, Thunb. Var. 1 (figures 39-41). 

Plants with large bulbs which are covered with scales; leaves, 
long, with prominent midrib, with pointed ends. 

The chromosomes of this species are very short with graded size- 
difference (.61 u to 1.3 gu). On the basis of size, the chromosomes of 
this species fall under the following classes: 

(i) Two pairs of long chromosomes. 

(u) Eight pairs of nearly long chromosomes. 

(ti) Seventeen pairs of medium-sized chromosomes. 

(tv) Six pairs of short chromosomes. 

There are ten chromosomes with secondary constrictions. On the 

basis of morphology, the chromosomes of this species fall under the 

following types: 

Type A. — Two pairs of long chromosomes, each with two con- 
strictions, primary and secondary, one nearly median, 
the other sub-terminal in position. 

Type B. — Two pairs of nearly long chromosomes each having one 
median primary constriction with a satellite attached at 
the distal end of one of the arms. 
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Figs 39-41. Gladiolus watsonius. Var. 1. Normal somatic metaphase showing 66 
chromosomes, idiogram of the same and variation nucleus with 51 and 58 
chromosomes respectively (x 3600). 


Type C. — Six pairs of nearly long chromosomes, each with a sub- 
median primary constriction. 

Type D. — One pair of medium-sized chromosomes, each with a 
nearly median primary constriction and a satellite at- 
tached to the distal end of the comparatively shorter arm. 

Type E. — Sixteen pairs of medium-sized chromosomes, each with a 
median to nearly median primary constriction. 
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Figs 42-43. Gladiolus watsonius. Var. Il. Normal somatic metaphase plate 
showing 66 chromosomes, idiogram of the same and variation nucleus with 45 
chromosomes respectively (x 3600). 


Type F. — Six pairs of short chromosomes, each with a sub-median 
primary constriction (Fig. 39 and 39a). 
In addition to the normal plates observed, those showing variations 


with 2n = 51 (Fig. 40) 68 (Fig. 41) 42, 64, etc. have also been 
observed. 


11. Gladiolus watsonius, Thunb. Var. II 2n — 66 (figures 42-43) 
Plants resembling those of G. watsonius Var. 1. 


The chromosomes of this variety are also very small having a size- 
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difference varying from .833u to 1.9 gy. On the basis of size, the 
chromosomes of this species may be classified as follows: 
(i) Two pairs of long chromosomes. 

(uú) Three pairs of nearly long chromosomes. 

(ù) Seven pairs of medium-sized chromosomes. 

(tv) Twenty-one pairs of short chromosomes. 

There are 12 chromosomes with secondary constrictions. On the basis 

of morphology, the chromosomes of this species may be classified 

into the following types: 

Type A. — Two pairs of long chromosomes each with two con- 
strictions, primary and secondary, one nearly median, 
the other sub-terminal in position. 

Type B. — One pair of nearly long chromosomes, each with a sub- 
median primary constriction and a satellite attached 
towards the distal end of the comparatively shorter arm. 

Type C. — One pair of nearly long chromosomes each with a 
primary constriction that is sub-median in position and 
a satellite attached towards the distal end of the com- 
paratively longer arm. 

Type D. — One pair of nearly long chromosomes, each with two 
constrictions, one primary and the other secondary with 
one median and the other sub-median in position. 

Type E. — One pair of medium-sized chromosomes each with two 
constrictions, primary and secondary, one median and 
the other sub-terminal in position. 

Type F. — Six pairs of medium-sized chromosomes, each with a sub- 
median primary constriction. 

Type G. — Eighteen pairs of short chromosomes, each with a primary 
constriction varying from sub-median to sub-terminal 
position. 

Type H. — Three pairs of short chromosomes each with a median 
primary constriction (Figs. 42 and 42a). 

In addition to the normal plates, those showing numerical variations _ 

have also been observed but in rare cases, only. Thus Fig. 43 shows a 

somatic metaphase plate with 2n — 45 chromosomes. 


12. Gladiolus watsonius, Thunb. Var. III 2n = 66 (figures 44-45) 
There is practically no difference between this variety and varieties 
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Figs 44-45. Gladiolus watsonius.-Var. III. Normal somatic metaphase plate 
showing 66 chromosomes, idiogram of the same and variation nucleus showing 
40 chromosomes respectively (x 3600). 


I and II in external morphology. 

The chromosomes of this species are also very short, but are longer 
than those belonging to varieties IT and II, having a graded size- 
difference (.66 gy to 2.2 u). On the basis of size, the chromosomes of 
this variety fall under the following classes: 

(i) Three pairs of long chromosomes. 
(ùi) One pair of nearly long chromosomes. 
(ti) Nine pairs of medium-sized chromosomes. 
(tv) Twenty pairs of short chromosomes. 
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There are fourteen chromosomes with secondary constrictions. On 
the basis of morphology the chromosomes of this species fall under 
the following types: 

Type A. — Two pairs of long chromosomes, each with a primary 
constriction that is nearly median and a satellite attached 
to the distal end of the comparatively shorter arm. 

Type B. — One pair of long chromosomes each with a sub-median 
primary constriction and a satellite attached to the 
distal end of the longer arm. 

Type C. — One pair of nearly long chromosomes each with a primary 
constriction nearly median in position with a satellite 
attached to the distal end of the slightly longer arm. 

Type D. — Four pairs of medium-sized chromosomes, each with a 
primary constriction varying from a sub-median to a 
sub-terminal position. 

Type E. — Three pairs of medium-sized chromosomes, each with two 
constrictions, one primary, the other secondary, one being 
sub-terminal, the other sub-median in position. 

Type F. — Two pairs of medium-sized chromosomes, each with a 
sub-median to a median primary constriction. 

Type G. — Twenty pairs of short chromosomes, each with a median 
primary constriction (Fig. 44 and 44a). 

In addition to the normal plates, observed those showing numerical 

as well as structural variations have also been observed with 2n — 40 

(Fig. 45) chromosomes. 


IV. DISCUSSION 


1. Evidences for the occurrence of cytotypes in nature 

Of the different species of Iridaceae mentioned in the text, chromo- 
some numbers of a few of them were worked out by previous authors. 
It is interesting to note that discrepancies are noted between those 
observed here and those of previous records. For example, in /rís 
nepalensis, LA Cour (vide DARLINGTON and Wyrie, 1955) reported 
2n — 24 chromosomes in individuals studied by him, whereas plants 
of the same individuals studied here show 30 chromosomes in their 
somatic cells. Similarly in Zris germanica 2n — 24, 28 and 48 chromo- 
somes were recorded by SIMONET (1934), SAKAI (1952) and KAZAO 
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(1928) respectively. Individuals of these species studied by the 
present author however show 2n — 44 chromosomes. In Zris tectorum 
2n — 28 and 24 chromosomes were reported previously (SIMONET, 
1934: SAKAI, 1952) as against 32 of the present report. KAzA0 (1928), 
Yasur (1939) noted 34, 54 and 36 chromosomes in 1. japomica and 
the present observation too, confirms the occurrence of 2n — 36 
chromosomes in the same species. 

In Watsonia iridifolia 2n — 18 chromosomes have been recorded 
here as shown by NAKAJIMA in 1936. 

The occurrence of 66 chromosomes in the root tips of the three 
varieties of the species of Gladiolus studied here is quite new for the 
genus, as this number has not been recorded in any of the species of 
Gladiolus studied so far. 

Chromosomal counts of Marica gracilis (2n — 24), Marica coerulea 
(2n — 44), Trimezia lurida (2n — 76) and Actdanthera bicolor (2n — 30) 
as reported in the text are all new records. 

It is quite evident from the discrepant observations made from 
time to time, that a number of cytotypes of these species exist in 
nature. Such cytotypes may differ from one another with regard to 
chromosome number or the differences may involve minute details 
of the chromosome structures, as noted in the three different varieties 
of Gladiolus watsonius. 

The occurrence of such varying chromosome numbers in different 
individuals have led authors of different research centres to record 
chromosome counts which apparently seem to be conflicting. It is 
yet to be seen how far such cytotypes are adapted to particular 
ecological conditions. As all the species of Iris studied here occur in 
the temperate zones of the Himalayas, it is unlikely that they would 
have wide differences in their ecological preference. It is possible 
that minute differences especially with reference to their preference 
for specific micro-climates may exist, which are yet to be revealed 
through further scrutiny. 


2. Probable means of origin of the different cytotypes 

As the occurrence of cytotypes in species of Iris is an observed 
fact, the next problem is to find out the means of their origin. It 
may be pointed out, at the onset, that, the species which have been 
studied here are all propagated exclusively through vegetative means. 
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No doubt, seed production is noted in some species of Iris, but the 
method of cultivation by horticulturists is principally through bulbs 
or vegetative shoots. In none of the species studied here, seed 
formation has been noted. 

In absence of any effective sexual means of reproduction, 
speciation of these species obviously presents a difficult problem. 
It must be effected through means other than the sexual one. It is 
not unlikely that vegetative reproduction may aid in the origin of 
new forms. 

In this connection, it is worth noting that in all these species 
inconstancy in chromosome complements have been noted in their 
somatic tissues. For example, in Z. nepalensis (2n — 30) the variation 
members noted in the somatic cells are 27, 36, 34, etc. Similarly in 
I. germamica (2n — 44) the variation numbers are 33, 36, 48, 45, 38 
etc. in Z. japonica (2n — 36) they are 63, 48, 32, 22, 34 etc. and in 
I. tectorum (2n — 32) they are 34, 30, 27, 28, 25, etc. These varying 
numbers occur in the same somatic tissue simultaneously with the 
normal complements. From such an assortment of nuclei, the normal 
chromosome complements had to be worked out by a study of their 
frequency of occurrence, and, the ones occurring in the highest 
frequency have been taken to be the normal karyotype. These 
varying nuclei involve minute structural alterations as well. Such 
peculiar behaviour of chromosomes has lately been recorded in a 
number of plant species which reproduce primarily through asexual 
means (vide SHARMA, 1956). In such cases, with the aid of relevant 
evidences, it has been claimed that such varying nuclei aid in the 
origin of new forms through their participation in the formation of 
new daughter shoots. It is quite probable that in species of Iris too, 
the same process is in operation. 

The different individuals of species of Iris studied so far not only 
represent amongst them, polyploid sets, but aneuploid sets too in 
the normal complements. Such aneuploid types are expected to come 
out through the process outlined above. 

It can of course be argued that, the hybrids of Iris produced, 
gave rise to segregates with initially different chromosome numbers 
which are cultivated since then by horticulturists through vegetative 
means. Such a possibility seems to be precluded by the fact, that 
new biotypes are continuously being obtained in horticulture from 
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individuals where sexual reproduction has become absolutely obsolete. 
On the basis of this evidence, it appears that, the origin of the bio- 
types or more precisely cytotypes through the process outlined above, 
seems to be quite likely. Another aspect worth investigating is an 
analysis of phenotypic characters in these cytotypes. It is not known 
vet as to how far they differ in their external morphology. As none 
of the authors have as yet pointed out marked differences between 
different individuals, it is probable that, differences may involve 
minor anatomical and physiological characteristics as well. In any 
case, an investigation in this direction is highly desirable. 


3. Importance of different factors in the origin of species 

As regards different cytological processes responsible for speciation 
in different members of the Iridaceae, it is clear that both aneuploidy, 
polyploidy as well as structural alterations of the chromosomes 
have all been responsible for the process. The presence of different 
aneuploid numbers in different individuals of species of the different 
genera, bear clear evidence of the role of aneuploidy in speciation. 
In addition to this, it has already been pointed out that, polyploid 
individuals of the same species and polyploid series among different 
species are already on record. These facts clearly indicate the effect 
of polyploidy in the evolution of species in these genera. 

At present, it is difficult to state precisely as to which of the 
processes, allo- or auto-polyploidy have been mainly responsible. In 
absence of a detailed meiotic data no suggestion can be met with 
absolute certainty. The presence of multivalent chromosomes in Z. 
japonica as mentioned in the text, however, suggests its auto- 
polyploid constitution. Similar evidences of auto-polyploidy through 
the occurrence of multivalents have been obtained in Acidanthera 
bicolor, Trimezia lurida and Marica gracilis. 

That structural changes of chromosomes too have contributed to 
the origin of these forms, is clear from the detailed examination of 
karyotypes. Though having a general resemblance in the gross 
morphology of the chromosomes, minute karyotypic differences have 
even been noted between different species of the same genus such 
as in /ris. In no case, two species have been found to have an identical 
karyotype. Such karyotypic differences between species to species is 
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a clear indication of the importance of structural alteration of 
chromosomes in speciation. 

While dealing with the inconstancy of chromosome complements 
within the somatic tissue, it has already been pointed out that, 
varying nuclei contain structural alterations which may or may not 
be associated with numerical alterations as well. The presence of 
such altered nuclei, in which the chromosomes show structural 
variations in an otherwise normal number in the growing tip of the 
developing daughter shoots, can give rise to individuals which may 
differ from the original one, with respect to structure but not to 
number of chromosomes. 

In addition to ris more evidences of such structural alteration in 
different species of Marica have been obtained. The two species, 
Marica coerulea and Marica gracilis not only contain different 
chromosome numbers, but their karyotypes too show a good deal of 
difference. In the genus Marica therefore evidences of both numerical 
and structural alterations of chromosomes in the origin of species 
are clear. As for the genera Watsoma, Trimezia and Acidanthera, 
suggestion for their probable mechanism of speciation must await 
data from other species. 

As regards the mode of origin of numerical alterations, apparently 
it seems that non-disjunction may be the process responsible for the 
same. 

However, as cases of reductional separation of chromosomes have 
been noted in Watsomia, this process too may be suggested to have 
contributed to the origin of numerically variant nuclei. Previous _ 
records too, show that both somatic reduction and non-disjunction 
play significant roles in causing such numerical disbalance of the 
genic material (MooKERJEA, 1955 a, b, 1956). 

The question may be raised as to how such numerical variations 
survive within the somatic tissue and follow the normal divisional 
cycle? Such variations often involve a large number of chromosomes 
and as such under the normal conditions chances of their survival 
would have been insignificant. But normally as noted, such types 
survive and cases of degeneration are very rare. On the basis of this 
observational fact, it may be suggested that possibly, a number of 
inert chromosomes resembling the B-chromosomes as noted in other 
species of plants are present in these species as well. By assuming 
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the presence of such B-chromosomes a satisfactory explanation can 
be provided for the occurrence of these aberrant nuclei. 

It may be stated that as compared to the frequency of occurrence 
of aberrant nuclei, the percentage of cytotypes noted in nature is 
rather low. It is likely that there is a threshold point of the presence 
of such B-chromosomes over which, it may be deleterious to the 
organism concerned (vide MüÜNtziNG, 1954). Therefore, those forms 
having a high number of B-chromosomes possibly do not survive. 
On this assumption, speciation as it stands, becomes effected only 
when such variations involve normal chromosomes in addition to 
B-chromosomes as well. 

The behaviour of B-chromosomes in other species of plants has so 
far been found to be erratic. During meiosis, no doubt, they behave 
often in an irregular way. But as is well known such irregular be- 
haviour is normally noticed in nature, in a certain frequency of 
mother cells in a number of species showing no B-chromosomes 
whatsoever. The heterochromatic nature of B-chromosomes is not 
fully established as yet. It has however, been planned to investigate 
whether technique can be devised, differentiating the behaviour of 
so-called B-chromosomes and normal chromosomes of the Iridaceae, 
through cytological and cytochemical methods. Once the technical 
background can be prepared, the same can be applied to other 
species of asexually reproducing plants where inconstancy in the 
chromosome complement of the somatic tissue is the universal rule. 


4. Systematic position and affinities of Watsonia, Acidanthera, Iris, 

Marica, Trimezia and Gladiolus 

ENGLER and PRANTL (1930) in their system of classification included 
Watsomia, Acidanthera, Gladiolus under the second tribe Ixieae and 
Trimezia, Marica and Iris under their third tribe Moraeae. In 
Bentham and Hooker'’s system of classification (1883), the stand is 
more or less similar but this only differs from that of ENGLER and 
PRANTL in that the Ixieae has been regarded here as a third tribe and 
Moraeae as the first. HUTCHINSON (1934) has included Zris under the 
fourth tribe Irideae, Trimezia and Marica under Mariceae, the third 
tribe, Watsonia under Ixieae, the eighth tribe and Acidanthera and 


Gladiolus under Gladioleae, the tenth tribe of his system of classi- 
fication. 
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None of the above systems of classification can be fully endorsed 
from the cytological findings presented in the text. On the basis of 
the chromosome study, it appears that a re-grouping of the genera 
is desirable. The genus Zris, in its different species is characterised 
by chromosomes varying from-long to short in size. In general, there 
is a distinct gradation in size of the chromosomes. 

The primary constrictions are median to nearly sub-median in 
position and the number of secondary constrictions too, are not very 
high. As regards chromosome number, this genus is characterised by 
different complements in its different species. It appears that so far 
as this genus is concerned, divergent lines of diversifications from a 
common stock had been the main feature in their evolution. 

Similar types of chromosomes have been met with in the genus 
Marica. Here, also like Iris, differing chromosome numbers are 
present in different species. Their chromosome size too, varies from 
long to short with a gradual gradation. 

On the basis of cytological data, as well as morphological simi- 
larities between individuals of Marica and Iris, which led some of 
the taxonomists to include these genera under the same tribe, it 
appears that these two genera are in a more natural systematic 
position when placed in the same tribe as done by ENGLER and 
PRANTL as well as BENTHAM and Hooker. To Hutchinson's idea of 
separating the two genera into two separate tribes, cytological data 
provides little support. 

Regarding the other genus Trimezia which has been placed along 
with Marica by all the authors it may be stated that their cytology 
does not justify such a stand. Trimezia lurida is characterised mostly 
by very short chromosomes unlike those of the other two genera. 
Further, the few comparatively long chromosomes present in these 
species are much smaller in size as compared to the long chromosomes 
of Marica and Iris. 

The two genera Acidanthera and Gladiolus, show a good deal of 
affinity amongst themselves as well as with Tyimezia. Similar types 
of short chromosomes, the majority being very small in size, are 
present in all three of them. The inclusion of Acidanthera and Gladiolus 
under Gladioleae as done by HUTCHINSON seems to be quite reason- 
able. Cytological evidences indicate that Trimezia too should be 
included in this tribe. In that case, the genus Trimezia is to be taken 
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out from the tribe Mariceae of HUTCHINSON and Moraeae of other 
authors. 

As regards the genus Watsonia, this shows little affinity with the 
other genera of the family. In this genus, the long chromosomes 
have sub-median primary constrictions with two secondary con- 
strictions and abrupt size difference between members of the comple- 
ment. The chromosome number of the only species investigated so 
far is 2n — 18. Its position as assigned by ENGLER and PRANTL as 
well as by BENTHAM and HooKER along with Actdanthera and 
Gladiolus seems to be quite unnatural. At present, this may be stated, 
that it should be placed in a separate tribe other than the one con- 
taining the genera mentioned above. The justification of its inclusion 
under Ixieae must await cytological evidences on other members of 
this tribe. 

Summing up, it stands that cytologically Marica and Iris represent 
a natural assemblage. Another such grouping is represented by 
Acidanthera, Trimezia and Gladiolus. Watsomia seems to have no 
affinities with these two lines of evolution. 


V. SUMMARY 


1. The present report deals with the cyto-taxonomical studies of 
twelve species and varieties of the family Iridaceae coming under 6 
different genera. Emphasis has been laid on the occurrence of 
cytotypes and the probable means of speciation in these species 
since most of them reproduce vegetatively by means of corms, bulbs, 
etc. Sexual reproduction has become obsolete here. 

2. The chromosome numbers of the different species, five of which 
are reported for the first time are: 

1) Iris nepalensis 2n — 30 
1. japonica 2n — 36 
1. germanica 2n — 44 
1. tectorum 2n — 32 
Watsonia iridifolia 2n — 18 
Marica gracilis 2n — 24 
M. coerulea 2n — 44 
Trimezia lurida 2n — 76 
Acidanthera bicolor 2n — 30 
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10) Gladiolus watsonius, Thunb. Var. 2n = 66 
11) Gladiolus watsonius, Thunb. Var. IL 2n — 66 
12) Gladiolus watsonius, Thunb. Var. IIL 2n — 66 

3. Karyotypic studies of these genera and species with varieties 
show that, all the species of Iris have a gross morphological simi- 
larity in their chromosome complements, the chromosomes being 
mostly of the long type with graded size-difference. But the number 
of secondary constrictions varies from species to species, there being 
10 in case of Iris japonica, 6 in both 1. tectorum and 1. nepalensis and 
A in I. germanica. The karyotypes of Marica gracilis and M. coerubia 
— show marked similarities with those of the different species of 
Iris, but differ greatly amongst themselves when the minor details 
are taken into consideration. These two species, however, both have 
4 secondary constrictions. 

4. Trimezia lurida, Acidanthera bicolor, and the three varieties of 
Gladiolus, all have very short chromosomes, the longest members of 
which are much shorter than the longest chromosomes of either /ris 
or Marica. A. bicolor has 10 chromosomes with secondary con- 
strictions. There are 10, 12 and 14 chromosomes with secondary 
constrictions in Gladiolus watsonius, Vars. I, II and III respectively. 

Trimezia lurida has 16 chromosomes with secondary constrictions. 
The chromosomes of all these species and varieties show marked size 
differences within their complements. 

5. Watsonia iridifolia has a karyotype distinct from all others, 
being distinctly asymmetical. The size difference between the 
chromosomes is very marked being very abrupt. Only two chromo- 
somes bear secondary constrictions. 

6. In addition to the normal plates studied for each species, those 
showing variations, both numerical as well as structural, have also 
been investigated. 

T. lurida shows a very high percentage of numerical variations 
whereas in case of Watsonia iridifohia, structural variations have 
been observed to occur in the highest frequency. This latter, also 
shows somatic reduction. 

7. Meiotic studies as evidenced by observations in A. bicolor, M. 
gracilis, T. lurida and I. japonica, reveal much irregularities in case 
of M. gracilis, T. lurida and I. japonica, especially in the first species 
where abnormalities in chromosome number have also been noted 
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in the P.M.C’s. However, multivalent formation is the rule in all 
of them, suggesting their polyploid constitutions. 

8. The probability of occurrence of cytotypes in nature has been 
suggested. This suggestion also explains the discrepancies in reports 
of different authors. Most of these cytotypes prefer a particular 
ecological condition and this may account for their differential 
distribution. 

9. The origin of the different cytotypes in each case, has been 
suggested, as due to chromosomal aberrations, chief among these 
being, non-disjunction and somatic reduction giving rise to aneuploidy 
in the somatic cells and their subsequent participation in the for- 
mation of daughter shoots, through vegetative propagation. Sexual 
reproduction has become obsolete here. 

10. Nuclei showing numerical variations in chromosome numbers, 
rarely persist but in these plants no cases of degeneration are re- 
corded which suggests that such variations affect mostly chromosomes 
which are probably to some extent, genetically inert and possibly are 
of the B-type which are known to occur in many species of other 
plants, but thorough investigation in this line is desirable. 

11. Various authors, like BENTHAM and HOOKER, ENGLER and 
PRANTL and HUTcHINSON have suggested different taxonomic 
treatment of these six genera of Iridaceae, placing them under 
various tribes in their respective systems of classification, based 
mainly on morphological characteristics. None of these treatments 
seems fully justified, in view of their cytological studies, carried out 
in the present paper. Although Hutchinson’s system to some extent 
corresponds with the cytological data, a regrouping has been sug- 
gested and further research in this direction has been pointed out. 
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INTRODUCTION 


After the partition of India in 1947, the Botany Division of the 
Jute Agricultural Research Institute at Hoogly crossed 2n C.G. X 
An C.G. (a cultivated strain of C. olitorius) and raised the population 
of auto-triploids in 1949. Their cytogenetical analyses were not done 
till 1953 when Parer and DATTA (in press) took up the problem. They 
stated that the chromosome numbers of the population of 2n C.G. x 
An C.G. varied from 20 to 35. The female parent showed normal meio- 
sis (7 II) and the occurrence of such aneuploid, euploid and pentaploid 
plants in addition to the expected triploids (3n — 21) was therefore 
naturally due to the functioning of the numerically unbalanced game- 
tes from the pollen parent. Chromosome pairing was found to vary 
much. The mean number of various combinations of chromosomes 
per P.M.C. in the triploids was 2.48 I, 4.64 II, 0.58 III, 1.60 IV and 
0.064 fragments. Univalents and laggards were very common in the 
first division. Multispindles, bridges and elimination of chromosomes 
in the cytoplasom were noticed in both the divisions. The ultimate 
distribution of the chromosomes to the spindle poles was very hap- 
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hazard. About 20% of the tetrads were with one or more micronuclei 
in them besides four microspores and with monads to octads with or 
without micronuclei. The potentially viable pollen grains varied from 
46 to 81%, in different plants; their sizes also varied greatly. The ab- 
normal meiotic pairing and the subsequent irregular behaviour of 
chromosomes resulted in the production of unbalanced gametes ad- 
versely affecting the fertility of 2n x 4n population. Most of the seeds 
were shrivelled. The induction of colchiploids in the wild types of 
both the species were done in 1953 and their cytogenetical analysis 
was completed by them. In order to find out the pollen and the egg 
fertility of the wild as well as the cultivated colchiploids they crossed 
the following in 1955 and 1956 and obtained the following results: — 


No. of full 
seeds 

4n C.G. x 2n C.G. (Cultivated olitorius strain) e) 
2e dn 15 and 34 
4n DIS4 x 2n Di54 (Cultivated epen strain) 0) 
2D ne Arnd % O and 2 
4n wild olitorius Xx 2n wild olitortus 
green (a wild type) green 2and 2 
2n B Xx 4n 5 168 and 140 
An wild capsularis x 2n wild capswlaris 
(Kulkaran Gr. 5 (Kulkarn Gr. 5). O and O 
— a wild type) 
2n » Xx án B O and O 


The crossing results in case of cultivated strains show that full 
seeds obtained were a few and they somewhat varied in size. In case 
of 2n? X An 3 (olitorius) seeds obtained germinated. But in case 
of 2n P Xx An J (capsularis) 2 seeds obtained in 1956 did not germi- 
nate at all. Full seeds obtained were a few in case of 4n wild olitorius 
green X 2n wild olitorius green but a good number of seeds was 
obtained in its reciprocal. In case of wild capsularis strain 4n and 2n 
crosess reciprocally failed to produce any seeds. As the seeds were 
handed over to the Jute Agricultural Research Institute, thee ger- 
mination capacities were not studied by the authors. 

In order to have a preliminary idea whether crossability of auto- 
tetraploids with their corresponding diploids reciprocally is feasible, 
the present work was undertaken in 1958 Jute Season. 
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MATERIALS AND METHODS 


Seeds of 2n and 4n cultivated C. olitorius and C. capsularis were 
sown in separate pots in the field of the Department of Agriculture, 
Calcutta University. They are named as follows: — 
2n and 4n Cultivated C. olitorius — strain C.G. 

4 5 C. capsularis — strain D154 

Flowers were carefully emasculated with a finely pointed steri- 
lised loose forceps in the previous afternoon and bagged with cello- 
phane paperbags. Next morning these were removed and the emascu- 
lated flowers were pollinated, bagged and labelled. One week after 
pollination, bags were removed and records were taken as to whether 
the flower had set pod or had fallen in the bag. Set pods were labelled. 
Each week set pods were checked individually as to whether they 
were continuing to grow or had fallen down. In these crosses, the 
number of flowers pollinated, the number of pods set and harvested, 
were recorded. Cross pods were harvested on attaining maturity. 
Seeds were extracted podwise. They were then classified and their 
percentages calculated. Normal looking full seeds when obtained were 
weighed and compared with the same number of bulk seeds of their 
female parents taken randomly. 

Six to ten cross pistils (from each group) were fixed in Formalin- 
Acetic — Alcohol and Navashin at 1, 2 and 3 days, after pollination. 
They were then dehydrated and the paraffin schedule was followed. 
Slides were stained in Heidenhain’s haematoxylin after cutting sec- 
tions at 10-12. Picric acid was used for destaining. 


OBSERVATIONS 


In the course of cytological observations it is evident that in 2n 
CG. x 4n C.G., in one day one sperm is seen to fertilize the egg and 
the other with the secondary nucleus (Fig. 1). Polar nuclei sometimes 
fuse earlier (Fig. 1); sometimes later simultaneously with the second 
sperm. Fused polar nucleus (ie. secondary nucleus) is sometimes 
observed to be smaller than the egg which is found to swell a little 
both before and after fertilization in certain cases. 

It has also been seen in two days’ materials that the egg and the 
secondary nucleus are lying unfertilized showing thereby that ferti- 
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Fig. 1. An embryosac in one day's material of the 
cross 2n C.G. xXx 4n C.G. showing fertilization and 


triple fusion in progress. X 850. 


Fig. 2. An embryosac in two days’ material 
of the cross 2n C.G. x 4n C.G. showing 
nucleus of first sperm fusing with the egg 
nucleus. The remnants of pollen tube at the 
micropylar end and second sperm nucleus 
touching one polar. x 1000. 


lization is late in certain ovules (Fig. 2). Wherever fertilization of the 
egg is in process, polar nuclei have already fused to form a secondary 
nucleus to get it double-fertilized by the second sperm or these two 
polar nuclei and the sperm fuse simultaneously (Figs. 3 and 4). 

In three days’ materials it has also been noticed that when the 
egg is in process of fertilization, the other sperm is quite a distance 
away in the chalazal pocket whereas two polar nuclei are lying side 
to get ready for fusion (Fig. 5). This is observed in rare cases. 

In the reciprocal cross 4n C.G. x 2n C.G. in one day one sperm 
is found near the egg prior to fertilization (Fig. 6) and the two polar 
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3. An embryosac in two days’ material 
je same showing male and female nuclei 
lvanced stage of fusion and second sperm 
eus in contact with the fused polar 


nucleus. X 1280. 


Fig. 4. An embryosac in two days’ material 
of the cross 2n C.G. xX 4n C.G. showing 


fertilized egg at the micropylar end and 
second sperm nucleus in advanced stage of 
fusion with secondary nucleus. X 1120. 


nuclei are in the process of fusion. Sometimes the egg is seen fertilized 
and the secondary nucleus is formed. 

In two days the egg is fertilized but two distinct nucleoli are visible 
within it suggesting that complete fusion has not yet taken place. 
Two polar nuclei are lying side by side and one of them is getting 
fertilized by a sperm earlier before being double fertilized by the re- 
maining polar nucleus (Fig. 7). 

Within a short time degeneration starts and in 2 days complete 
degeneration of ovules is observed (Photo 8). This rapid degeneration 


of ovules ends in seed failure in case of An C.G. n.C, 
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Fig. 5. An embryosac in three days’ 
material of the cross 2n C.G. x 4n 
C.G. showing one sperm in contact 
with the egg nucleus; the second 
sperm nucleus has fused with one 
polar nucleus and another polar 


still lying at the chalazal end. Xx 
1000. 


Fig. 6. An embryosac in one day’s 
material of the cross 4n C.G. x 
2n CG. showing the burst 
pollen tube with two sperms, egg 
and the two polars in the process 
of fusion. X 860. 


Fig. 7. An embryosac in two days’ material 
of the cross 4n C.H. x 2n C.G. showing the 
male and female nuclei in advanced stages of 
fusion and the second sperm nucleus touching 
the lower polar. x 850. 
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Photo 1. An embryosac in one day's material cf the cross 2n C.G. x 4n C.G. 
showing one sperm in contact with the egg and the other sperm in advanced 
stage of triple fusion. x 800. 


Photo 2. An embryosac in two day's material of the cross 2n C.G. x 4n C.G. 

showing nucleus of first sperm fusing with the egg nucleus, the remnants of 

pollen tube at the micropylar end and second sperm nucleus touching one polar. 
Xx 750. 
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Photo 3. An embryosac in two days’ material of the cross 2n CG rx 4n:G.G. 
showing the second sperm in advanced stage of fusion with secondary nucleus. 
x 800. 


Photo 4. An embryosac in three days’ material of the cross 2n C.G. x 4n C.G. 

showing one sperm in contact with the egg nucleus; the second sperm nucleus 

has fused with one polar nucleus and another polar still lying at the chalazal 
end 825. 
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Photo 5 & 6. An embryosac in one day’s material of the cross 4n GE CG. 
showing the unburst pollen tube with two sperms, e85 and the two polars in 
the process of fusion. X 750. 
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Photo 7. An embryosac in two days’ material of the cross 4n C.G. x 2n C.G. 
showing the fertilized egg and the 2nd sperm nucleus touching the secondary 
nucleus. x 800. 


Photo 8. A portion of the ls. of an ovary from three days’ material of the cross 
4n C.G. Xx 2n C.G. showing the degenerating ovules. x 280. 
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2n D 154 capsules 4n D 154 capsules 
No pod formation Crossing results: No pod formation 
2n D154 XxX 4n D 154 An D 154 X 2n D 154 


Photo 9. Natural-size photograph of 2n D154 and 4n D 154 capsules. 


2n C.G. capsules 
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4n C.G. 


Crossing results: 


2n CG AnsGiG: 


4n C.G. x 2n C.G. 
No pod formation 


Photo 10. Natural-size photograph of the different kinds of pods formed in 
2n C.G. X 4n CG. and of the parents. 
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In the crossed ovaries of 4n D154 x 2n D 154 the pollen tube does 
not reach the ovule in one day. The two polars are seen to lie side by 
side, one slightly overlapping the other (Fig. 8). 


Fig. 8. An embryosac in one days’ material of the cross 4n D154 x 2n DI54 
showing no entry of pollen tube, egg and the two polar nuclei at the chalazal 
region. X 1320. 


In two days entry of pollen tube with sperms has been noticed 
(Fig. 9). The tube remains unburst and no fertilization is observed 
in 2 days. The polars are seen still lying side by side. 
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In three days no fertilization is observed and ovules start dege- 
neration. 

In the reciprocal cross 2n DI54 x 4n D154 no entry of pollen 
tube has been observed at all (Fig. 10). The polars are found to have 


Fig. 9. An embryosac in 2 days’ material 
of the cross 4n D 154 x 2n D 154 showing 
egg, unbiurst pollen tube with two sperms, 


and two polar nuclei touching each others. 
Xx 900. 


Fig. 10. An embryosac in one day's material 

of the cross 2n D 154 x 4n D 154 showing 

egg, no entry of pollen tube, and the two polar 
nuclei in advance stages of fusion. x 850. 


fused together. No fertilization is observed in two days. The gameto- 
phyte starts degeneration after ine day and completely shrivelled 
ovules are found by three days. 

The crossing results between 4n and 2n C.G. are summarised in 
Table 1 which shows that only 6 pods out of 14 pods set were harvested 
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and the percentage of pods harvested is 36.7 per cent only in case of 
On CG KAn Geln case of An C.F. X 2nC.G. 5 pods were set 
which dropped off within a week. 


TABLE 1. Summary of the crosses betweeb gn C.G. X an C.G. (C. olitordus: Linn.) 
and an D 154 X an D 154 (C. capsularis Linn.) and their vecipvocals in the year 


1958. 
nn 
Crosses. No.of | No.ofl %of | No.of %, of 
Parent Parent flowers pol-/ pods pods pods pods 
je) & \_ linated. set. | set. harvested. | harvested. 
4n C.G. 2n C.G. 44 5 11.4 nil nil 
2n C.G. An C.G. 42 14 Ee) 5 36.7 
4n D154 2n DI54 54 nil nil nil nil 
2n Di54 An DIS4 | 56 nil nil nil nil 


Comparison of pod characters and seed types in the cross 2n C.G. X 
An C.G. and the two parents are given in Table IT. 

251 half full and full seeds are obtained in the cross 2n Gek 
An C.G. showing that these ovules were fertilized. In case of the pistil- 
late parent (2n selfed) 796 half full and full seeds were obtained. In 
this case when compared to the number of full seeds, the numbers 
of half full and empty seeds are insignificant. 

The average length of the cross pod (3.14 cm.) is much shorter 
than that of the pistillate parent (6.86 cm.). Similarly the cross pods 
being shorter, seed: husk ratio shows significant results. 


Inference: 

As the F value from the table is much less than the calculated value, 
the difference in pod length of the three series is highly significant, 
ie, there is real difference between the series. 

Table III above shows that the cross and its two parents signifi 
cantly differ from one another as regards pod length. The variation 
observed here is due to the effect of crossing. 


DISCUSSION 


With a view to determine the pollen and the egg fertility of auto- 
tetraploids of the cultivated and the wild types of both jute species 
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TABLE 2. Comparison of pod characters and seed types in the cross 
an CG. Xx gn C.G. and the two parents. 


U) 1 oml HA OD 8 
B da B : ke —= = rd | OSH ogg ie) ez 
© bp og ®ù rĳ ke) jz) ® EB he | S 5 eee 2 Eb ri On & 
Parents ZEraS Aal 3 [ES [88 SESSIES gal kad es leg 
BD df oo .5 slr zeike Pa sa D laas ® et © 0 BD on dq ë BoA B0 
Gn Eek 56 a OENE RENE 0 
[an _i 
Female Male 2 hall â, 5 ea, oen oef DE Cms SE 5 Bn 
85 2.9 70 18 36 16 
135 coirdd 80 07 Jil 12 
190 4,4 71 24 35 12 38 13,8 19 160 410 Ne) 105 
2n C.G. An C.G. 30 L4 15 5 6 4 
130 O6) 74 18 45 15 
Mean 3.14 | Total 118 113 59 
460 IAD) 165 151 E) ke) 
600 6.8 173 166 Á 
S 430 6.0 1574 142 10 Ea) 93 26) 17 1700 1360 lee 058 210 
zE eG 4700 72 | 60e 6 
420 6.4 154 140 11 3 
Mean | 6.68 | Total 753 43 18 
230 3.6 54 45 6 6) 
225 3.3 48 02 12 4 
230 9:5 O0 39 13 3 73,9 19.0 7,5 415 630 1815 1 5D 
An C.G. 4n C.G. 210 3.5 48 30 12 6 
250 4.1 55 46 6 5) 
Mean | 3.6 Total 192 49 19 


SEEDSETTING IN POLYPLOID CORCHORUS 401 


TABLE 3. Statistical analvsis of the data for pod length in the cross an C.G. X an 
i C.G. and its two parents. 


Pod length 
2n pan, 2n X 4n 
7.0 3.6 25E) 
6.8 3.3 ol 
6.0 | 3.5 4.4 
Ar: | 85 1.4 
6.4 4.1 ee) 
33.4 18.0 1527 
Grand total == 
Correction factor OMS 
Total sum of squares = 38.11 
Sum of squares between the series — 37.05 
Sum of squares within theseries — 1.06 
Analysis of Variance 
nd 
| 
Source of inr | Sum of Mean B Total 
Variation. df squares ‚ squares. | value E 
Between series 2 37.05 18.52 205.8 3,88 
at 
B=005 
Within series 12 1.06 0.09 
Total ser rol 30 dvecn| 


(C. olitorius and C. capsularis). PATEL & DATTA (in press) calculated 
after crossing reciprocally 2n Xx 4n the pollen and the egg fertility 
percentages of 4n and 2n C.G., 4n and 2n D 154, 4n and 2n wild ol- 
torius Green and 4n and 2n wild capsularis Kulkarni Grade 5 for two 
successive years (1955-1956). Percentage of ovule set was found 
to be quite less — below 7 per cent in 1955 and below 14 per cent in 
all the autotetraploids. Germination of pollen was observed to be 
always much lower in all the 4n's than in their corresponding 2n's. 
The high sterility of the pollen and the egg of all these 4n's is sup- 
posedly due to the production of mostly non-functioning gametes of 
variable chromosome numbers as a consequence of irregular meiosis 
as exhaustively studied by them. A wide range of variability in the 
size of 4n pollen with much lower germination points out this fact. 
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The crossing results (1955 and 1956) of these authors will be ill- 


lustrative in this connection: 


Total No. of seeds No. of full seeds 
f_76 (1955) le) 
bin CAE ST ZM 0 (1956) 0 
522 (1955) 34 
2n C.G. x 4n C.G. 82 (1956) 15 
0 (1955) | ©) 
An D154 x 2n DI54 24 (1956) 0 
60 (1955) ©) 
2n D154 x 4n D154 Ì 38 (1956) 2 


These results tally with our findings carried during 1958 jute season. 
The present authors are unable to ascribe any definite reason for 
failure of full seed formation especially in 4n and 2n D154 reciprocal 
crosses. In certain plants, e.g. Phellum, Stellaria, Vicia, etc., recipro- 
cal crossings between 4n and 2n have resulted in seed failure. It is 
very likely that they are incompatible in both directions as Münt- 
ZING (1935) has shown. 

WATKINS (1932) concludes that it is the quantitative relation in 
chromosome number which is significant in seed development and 
that the chromosome number of the maternal parent is unimportant. 
MÜNtzina (1933) took up issue with Watkins on the latter point on 
the grounds that female gametes of a given kind may function in seed 
development or not developing upon the constitution of the plant 
giving rise to them. His point of view was further supported by his 
observations that in Galeopsis An X 2n matings result in abortive 
seeds. Unreduced eggs produced by 2n plants and fertilized by n 
sperms, on the other hand, might give viable offsprings. Both of them 
gave exhaustive details and listed a few similar cases where seed 
formation or seed failure took place between 2n and 4n crosses and 
vice versa. 

RENNER (1939) obtained triploids (Semigigas plants) in Oenothera, 
easily formed as a result of crossing 2n x An, but reciprocally seed 
formation was small and seeds did not germinate at all. In Oenothera 
crosses, endosperm and embryo had the same chromosome numbers 
because of the presence of one polar nucleus. JOHNSON (1945) was 
successful in getting viable seeds in 2n Xx 4n Populus tremula but the 
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reciprocal crossing was not done. RAsMUsSON (1948) obtained triploids 
in both 2n x 4n and 4n X 2n sugarbeet. MORINAGA and KURIYAMA 
(1951) reported to have obtained triploids by the cross between 
2n X 4n rice by using various time intervals between emasculation 
and pollination. CvA (1952) observed fertilization to occur in 2n x 
An and An Xx 2n rice. Later, disintegration of endosperm followed by 
collapse of embryo resulted in shrivelled non-viable seeds. Neverthe- 
less, triploid plants were occasionally obtained from such matimgs. 
PANDEY (1955) noticed that in 2n x 4n Trifolium pratense fertilization 
was generally poor to a lesser extent. Embryo development was slow 
at first but grew rapidly later. By doing so it simply hastened its own 
death by drawing too fast upon the slow-growing resources of endo- 
sperm. 

On the contrary, JÖRGENSEN (1928) did not definitely say that 
2n X An crosses in Solanum lycopersicum and S. nigrum failed. Ac- 
cording to BucHHOLz and BLAKESLEE (1929) the relation of pollen 
tube: style in diploid @ x tetraploid 4 Datwra is, 1: less than 2. So 
growth was poor and a large proportion of tubes burst. It has been 
a general experience of LINDSTRÖM and HUMPHREY (1933) and Nirs- 
SON (1950) that 4n x 2n and its reciprocal crosses in tomato were 
very difficult to effect, though JÖRGENSEN (1928), Urcorr (1935) and 
Rick (1956) were successful in deriving Sn seedlings from the cross 
An X 2n. Rick (1956), however, stated that 2n X 4n cross was Very 
difficult to obtain in tomato. NirssoN (1950) concluded inter alia 
thus: “It is apparent .……. that it is difficult to find any genic or phy- 
siologic condition which can by itself explain results of the recipro- 
cal crossings .………. As to the physiological side of the question, it 
might be presumed that changes in pollen tube growth, unbalance 
between the tissues of the ovule and possibly differences as regards 
parthenocarpy and hormone production interact to give the result 
which was to be explained’’. SANSOME, SATINA and BLAKESLEE (1942) 
observed that in 2n x 4n Datura the course of seed abortion was 
due to failure of fertilization and bursting of the pollen tubes in the 
styles. SANSOME (unpublished, referred to in WATKINS, 1932) noted 
that in 2n x An Primula sinensis only 2 per cent of pollen germi- 
nated; 2n were short and stunted and would not enter the diploid 
styles. CHur (194243) reported that 2n x An rye was entirely in- 
compatible owing to failure of pollen tube growth. RANDOLPH (1935) 
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found that in 2n x 4n maize only 10 per cent of the well-filled grains 
germinated. The high degree of incompatibility exhibited by 4n was 
attributed to quantitative rather than qualitative chromosome num- 
bers since the induced 4n stock had the same or very similar kinds 
of genes as the parental diploids with which they subsequently proved 
to be cross sterile. COOPER (1951) recorded defective caryopsis in 
2n X An maize. Here double fertilization occurred at normal interval. 
Rate of 3n embryo growth gradually slowed down and ultimately 
ceased. There was irregularity in endosperm development later. 
MANGELSDORF and REEVES (1931) described a similar type of abnor- 
mal endosperm development. HAKANSSON (1952) reported fertili- 
zation in 2n X 4n but endosperm became defective and completely 
disappeared. He opined that clearly degenerating or small endosperms 
could not produce adequate growth substances so that further de- 
velopment of ovules stopped. Embryo development seemed inter- 
rupted through endosperm degeneration. He ascribed the reasons 
due to a difference in the function of haploid and diploid pollen tubes; 
haploid pollen tubes functioning better than diploids in diploid and 
tetraploid styles. PANDEY (1955) also supported him. JULEN (1950) 
measured the speed of pollen tubes in the styles of 4n Zrifolium 
pratense and noted that the speed of haploid tubes was greater than 
diploid one per minute. But in our material reverse situation was 
observed. Previously HAKANSSON and ELLERSTRÖM (1950) recorded 
that fertilization occurred readily in 2n x 4n and 4n X 2n rye. In 
2n X 4n endosperm mitotic irregularities were very common and 
cell-formation belated and usually failed. They were of opinion that 
arrest of growth and death of embryo seemed to be secondary to 
this disintegration. Disturbed relations of the chromosome numbers 
between endosperm and maternal tissue must be an important fac- 
tor, though not the only one causing seed sterility. PANDEY (1956) 
found no seeds in case of 2n x 4n, although a few capsules developed 
to a small extent. He stated that the stimulation of the ovary indi- 
cated that pollen germinated and entered the style but seed develop- 
ment failed either due to failure of pollen tubes to reach the embryo- 
sacs thus leaving the eggs unfertilized or after fertilization, due to 
abortion of the triploid zygote or embryo. His conjectures and sur- 
mises were not based on cytological findings. Seed abortion after 
reciprocal autoploid crosses led MÜNTzING (1930b) to conclude that 
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a fixed quantitative relation between the chromosome numbers of 
maternal tissue: endosperm: embryo is necessary for normal seed 
development. Normally the relation is 2: 3: 2, but after crosses 
between plants having different genomes this relation is changed and 
is different, e.g. in 2n x 4nitis 2: 4 : 3. What occurs in jute is given 
in Table IV. 


TABLE 4. Quantitative relationship (proportional) of the maternal tissue: endo- 


sperm: embryo in C. olitorius Linn. 
en 
Maternal Endosperm Embryo 
tissue 
2n selfed 2 3 2 
án selfed 2 (4) 3 (6) 2 (4) 
2n X 4n 2 ES 4 
An X 2n 4 5 3 


The same author (1941) had shown that autotetraploid pubescens 
and speciosa of Galeopsis were completely incompatible with their 
diploid form, both reciprocal crosses failing to give any seeds. Thus 
quantitative chromosome relationships play the greatest role, being 
elaborated by KostorFr and KENDALL (1934) and CooPEr and BRINK 
(1945). The latter authors stressed the course of seed failure in 2n X 
An Lycopersicum as due to importance of endosperm in seed develop- 
ment. Death of embryo was a secondary phenomenon originating 
in abnormal developemnt of other parts of seeds. Somatic changes, 
such as excessive nucellar growth or integument tissue, excessive de- 
velopment of endothelium layer, deficient development of the ways 
leading nutrients to endosperm. which might appear rather early, 
were considered to be primary being a cause of disintegration of 
endosperm (“somatoplastic sterility hypothesis’ of COOPER and 
BRINK (1940) or “embryo lethality hypothesis’’ of FAGERLIND (1944) ). 

It would be of interest to quote an excerpt from BRINK and Coo- 
PER's review (1947) on the endosperm in seed development: “Failure 
of the seed to develop normally, in the opinion of FAGERLIND (1944), 
is due to disturbance of the equilibrium between embryo, endosperm 
and maternal tissue. Species, genera and even families are assumed 
to differ in their sensitivity to an unbalance between these structures. 
The same tissues are not necessarily always involved. Sometimes the 
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relation between endosperm and embryo may be unbalanced, in 
others, the disturbance may affect embryo and maternal tissue. 
FAGERLIND is inclined to attribute to the embryo the leading role in 
seed development following species crosses in Rosa, on the grounds 
that ripe seed is non-endospermic. It is suggested also that disturbance 
of the equilibrium between embryo, endosperm and maternal tissue 
may be a secondary effect of the stimulating influence on these tissues 
of the pollen tube and its nuclei (p. 493)". 

Recently SHIBATA (1957) observed a clear difference between com- 
patible and incompatible cross combinations with regard to the ca- 
pacity of capsules set in the reciprocal crosses of 4n Xx 2n. On the 
contrary, he found no clear differences between both cross combi- 
nations with regard to seed fertility and germination capacity of 
F, hybrids. The capsules set on compatible cross combinations were 
longer and wider than the capsules set on incompatible ones in 4n X 
2n and there was no-clear difference between both cross combinations 
in 2n X 4n. On the compatible cross combinations in 2n Xx 4n, numer- 
ous empty, shrivelled seeds were obtained than in the incomptaible 
ones. Seed fertility on the compatible cross combinations in the re- 
ciprocal crosses of 4n Xx 2n were lower than ones in the same cross 
combinations among 4n and 2n respectively. In the offspring obtained 
by the reciprocal crosses of 4n x 2n, he found a few 2n, 3n-l and 
An plants in addition to 3n. 

Thus it is evident from the works of various authors that there 
is a variety of causes leading to seed set or seed abortion in diploid 
versus autoploid reciprocal crosses. It is also clear that these causes 
are different in different species. In jute, endosperm development is 
slower from the start or it may not grow and ovules start collapsing. 
GANESHAN, SHAH and SWAMINATHAN (1957) in ascribing the cause 
of seed failure or seed setting in the cross C. olitorius X C. capsularis 
at 2n level stated that the abortion of the young seed was attributable 
to an impaired capacity for growth of endosperm which itself in turn 
might be due to tendency of the adjacent maternal tissue to develop 
excessively. They ascribed this phenomenon as essentially a mal- 
nutritional one associated with genotypic diversity of the tissue 
within the seed. 

Probably such changes cumulatively or separately take place later 
on in these materials. It is necessary to study deeper to arrive at a 
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definite conclusion. These studies will be undertaken in the next jute 
season. 


SUMMARY 


1. Pods set in both types of crosses (2n C.G. x 4n C.G. and 4n C.G. 
x 2n C.G.). Five pods are found to reach up to maturity in case of 
2n C.G. X An C.G. Pods set in case of the second cross shed within a 
week. 

2. In 2n D 154 X 4n D 154 and its reciprocal crosses no pod sets 
at all. 

3. The cross pods (2n C.G. X 4n C.G.) are shorter than those of 
both parents. 

4. In 2n C.G. x 4n C.G. and its reciprocals, the egg is found to be 
fertilized within 24 hours. But in 2n D 154 x 4n D 154 and its recipro- 
cals, pollen tube does not reach the ovule in one day. 

5. Complete fusion of the egg and the sperm in case of 2n C.G. X 
An C.G. and its reciprocals is not observed even in two days. But in 
case of 2n D 154 X An D154 and its reciprocals no fertilization is 
observed. 

6. Degeneration of ovules starts on the 3rd day in case of 4n C.G. 
 2n C.G. In 2n D 154 x 4n D 154 degeneration starts on the 2nd 
day and in its reciprocal degenerating ovules are marked on the 3rd 
day. 


In the end, we offer our grateful thanks to Dr. P. K. SEN, Khaira 
Professor of Agriculture and Head of the Department, Calcutta 
University for granting all facilities to complete this investigation. 
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I. INTRODUCTION 


The investigations reported in this paper have been done during 
a study of the cytogenetics of the interspecific cross between Papaver 
setigerum and P. somniferum. Apart from the hybrid breakdown 
observed in the F; hybrid (Hrrisur, 1960), the Fa progeny has shown 
varying degrees of sterility ranging from 5% to 100%. On a cursory 
examination of some of the Fs segregants for their male sterility, it 


*) Present address: Institute of Genetics, University of Lund, Lund, SWEDEN. 
These studies were done during a fellowship (1958-1960) to the senior author 
from the Netherlands Bureau for International Technical Assistance, The 
Hague, to whom he is thankful. We are indebted to Prof. L. J. Smid, Professor 
of Statistics, University of Groningen, for helping us in the statistical analysis 
of the data presented in this paper and also to Prof. M. J. Sirks for kindly giving 
us all facilities to do this work in his Institute. 


Ten 
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has been found that segregants having red and light purple flowers 
show a tendency to higher sterility than the plants having reddish 
purple or purple flowers. With a view to study fully this aspect of 
correlation between flower colour and pollen sterility, the following 
Fos have been investigated. 


II. MATERIALS AND METHODS 


The Fss of the following hybrids have been taken for this study. 
a) Papaver setigerum _ (Malta*) x P. somniferum (Luik*) 


b) ” (aA HE E (Bern) 
c) 2 bt ete RS (Sacavem) 
d) 5 beses IM RA (Sintra Algueiras) 


e) Papaver somniferum (Luik) _x P. setigerum _(Malta)-Reciprocal 
f) Papaver setigerum (Malta) x P. sommiferum (Lisbon) 

The anthers have been collected from the flowers in the mornings, 
the day the flower opened. They have been teased out and stained in 
1% iodine in potassium iodide solution and kept for a few minutes 
before the preparation is ready for analysis. It has been found possible 
to distinguish the fertile pollen grains that are spherical and full, 
from the sterile ones which appear to be shrivelled and empty. Counts 
of five hundred for both fertile and sterile pollen grains are taken per 
plant, from which the percentage of fertility has been determined. 
Mean fertility value for each colour group in each Fz and for all the 
Fas together have been estimated. 


III. RESULTS 


The results of the investigations on the fertility of the six Ha 
progenies on the basis of flower colour are presented in tables from 
1 to 6. For each type of F2 the mean fertility value has been calculated 
in the following way. 

a) Calculating the mean fertility value: 

For example, let us take the F> Malta x Luik and the colour Light 
Purple: — 

(17 X 5H22X 155 X 25 + | X 35 4X45H2X 501 X 
X65) 52 = 17.9. 

*) The names of the places such as Malta, Luik, etc., from where the parent 

materials have been collected, are retained to distinguish one type from the 


other. 
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TABLE 1. Frequency of plants under different fertility groups 
Malta x Luik (Fa) 


hdd Ld Heien nne 
Fertili- 


hs Percentage Mean 

her group Total) fertili- 

no. | SFOUP | class | 5115 25|35|45|55|65| 75 | 85 | 95 ty 
value: | 

1 | Light Purple 17-122 Bied 4 Ae see 2 We) 

2 Red MAEZTEN EN EEEN ZONEN EN LS 25 

Smile —| 1| 2 —- 3 21.7 

He ReddishiBurple in 244 20 LL ZS EL 18 43.9 

be Purple ND B ZN ele all 9 50.6 

Total 40145 | 21 12 | Alp Pf 6) 7 Shed do 26.3 


TABLE 2. Frequency of plants under different fertility groups 
Malta x Bern (Fa) 


Fertili- Percentage 
S. {Colour/ ty group | | ea 
: Total | fertili- 
no. | group| class 5:| 15/25/3541 451551 657 Z0;1:85, 95 n 

value: y 

1 | Light Purple 8/-8| 31 5 3 Sl 2 tl 32 26.3 
2e le Red OAjeldere Ster 8 chile oil F2 ON a Bred 39.1 
3 | Pink 2| 1 1} Ill 4l 1 — 10 47.0 
4 | Reddish Purple —| 2| 4| 6} 7| 2f 4| 5j 4| 2| 36 53,6 
5 Purple a me a dd ed sh Bas ds 9 50.6 
6 | White iel 2 2 tje 4) 1 —| 11 53.2 
Total 20116 Zhed 2m Ze EA LSO Le hesBn 149 42.3 


TABLE 3. Frequency of plants under different fertility groups 
Malta x Sacavem (Fa) 


mn 


Fertili- Percentage 

S. | Colour [ty group en en 
tal ili- 

no. | group | class | s[15/25|35|45|ss|6s|7s|es|os| °°} 
value: ty 

l | Light Purple | 22 212 A 1 he Ll SZ 14.5 
2.| Red 19e 1 be SE ej A Sl Ede B 52 26.7 
Se Bink VN Ec 0 A NON el ee 0 7 Beel 
l ReddisePüenlen Ai 2e ZZ LON Zen 41 A2 
5 | Purple dps tj peetlaphe dek <Sijra Staat 05 del 22 62.3 
Total |47}2i| ofsolislaslielisfu| 2} 159 | 365 
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TABLE 4. Frequency of plants under different fertility groups 
Malta Xx Sintra Algueiras (Fo) 


eee TONE NNS 


Fertili- Percentage 
S. [Colour {ty group | Tai JT we 
no. | group class Bil 15 254 35 | 45-55 | 65| 75 | 85: 95 hanen 
value: | ek 
1 | tight Purple -|i2l 9) 2} 2} 2| 1} 3 IJ 32} 241 
JR ed DENTEN 2E ORE ln Ban A So Si EI 21.4 
3 | Pink 4 Ì l 6 DZ 
4 | Reddish Purple 2 Î ee ee flies eZ 13 48.9 
5 | Purple 2 3 Ì l Nn 5) 40.6 
Total 48 | Sen ASS Galeon Sion 29 er 


TABLE 5. Frequency of plants under different fertility groups 
Luik x Malta (Reciprocal) (Fa) 


nt ER Te 


Fertili- Percentage 

7 Mean 
S. [Colour |ty group 1, 
Total | fertili- 

no. | group | class | 5[15|25|35|45|55|65| 75 | 85, 95 £ 
value: 
Beslakiehstrrple vel. 22hdinlesZascBrheell zt Hierden) Orr JEP 
2 | Red i6l16| 7| 5} 3| 4l 1| 2} —|—| 54} 250 
3 | Pink 1 1 ze = 2 15,0 
ORR Pr 2 ei Ze ed 490 
5 | Purple Á 1 1 —| 2} 1} 5) 690 

| 
|__Total Faifzz[rolual s| 7) 6| 4| 3 1 126) 253 


TasrE 6. Frequency of plants under different fertility groups 
Malta x Lisbon (Fa) 


Bartilis Percentage 
tv 

S. | Colour En Total Mean 
no. | group Bf | fertility 

class | 5 25|35 | 45 | 55 | 65 | 75 | 85 | 95 

value: | | 
1 [Light Purple ome al adel ad El aa | ZO 
2 | Red Ì ij SE EL 1 5 39.0 
3-| Pink ager eashemscijken STI SRE GL SS 8 65.0 
4 | Reddish Purple | — 2 liene s zg 1 7 550 
5 | Purple mild elder ele lord Â vaneen 

[Total 31 | 20 s| 4 aala}+liz2lz|s os | 336 
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TABLE 7. Frequency of plants from the six Fas under different fertility groups 


Summary 
eN 


Colour | Fertili- Percentage 
o or î ï Mean 
S. | group |ty group | | Totäi HA 
no. class | 5|15|25|35j45|55| 65! 7585 | 95 | fertility 
value: 
1 | Light Purple liirl75l21l19|13| 8| 6| 6| 3| 2| 264 19.6 
2 | Red 94|66| 44 | 24| 24 | 141 13| 12) 7 6| 304 26.7 
3 | Pink Be Zat Da Za Si ZA Oi Slledk 40.5 
4 | Reddish Purple) 10 | 10| 13/ 10f 17/13 | 21 Zieten Dak 130 DO 
5e Purple 4-3 Bf Belt Bef Oep Bijl Zee Arnold 58.2 


Similarly for each colour group and for all the colours together in 
a F», the mean fertility values are calculated. So also, for each colour 
group taking all the six Fos together the general mean has been 
estimated and summarised in table 7. 

Example: Light Purple: — 

(52 X 17.9 + 32 X 26.34 37 X 14.5 +32 X 24.1 + SOX 168 H 
61 X 20.7) : 264 — 19.6 

The colour group White has been omitted here for comparison as 
this colour occurs only in the Fs Malta x Bern (Vide Table 2). 

From Table 7 it is evident that the colours follow a characteristic 
ranking with regard to the mean fertility values. However, it is to 
be remembered that the general mean may differ, from the mean 
that would have been obtained with a greater number of observations, 
not only by chance but also depending upon the proportions of the 
number of plants under each colour group in the different types of 
Fos. 

b) Testing on difference of fertility under each colour group: It 
has to be tested whether the difference of fertility between two par- 
ticular colour groups in a F2 population is significant. For this purpose 
several statistical tests can be applied. However, here the test of 
WILcOxoN (1945) for the problem of two samples has been chosen. 

It occurs more often that for a certain pair of colours in a F2 the 
test is significant on a level of 5%, whereas in some Fos it is not. It 
is presumed that this phenomenon is caused by a really different 
behaviour of the Fzs (on varietal level) or by the smallness of the 
number of observations and the random deviations. If we assume that 


ds neen Kad 
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TABLE 8. Analysis of variance 


\ Mean fer- 


sd | colour ee ‚ tility in Si ee Bld 
group | oe | percent- red’ Pinkie Readish | Pürple 
| _vations ade Purple 
Light Purple 264 19.6 ale ai RE fs 
2 Red 304 26.7 0 pie Ee 
3 Pink 31 40.5 0 jn 
4 _| Reddish | 
Purple | 130 90.9 | 0 
5 | Purple 73 BEA df | 
Ì 
kx _— the test is significant even on a level of 1 % 
* — the test is significant on a level of 5% 
O — the test is not significant on a level of 5% 


the various types of F2 behave in the same way with regard to the 
difference in fertility of two particular colours, then it is possible to 
construct a better sensitive test by using a weighted sum of the Wil- 
coxon’s statistics as a new test-statistic. 

If for the i-th type of Fa, nj plants of one colour have been observed 
and ms; of a second colour, then Wilcoxon’s test is based on a statistic 
S‚. If there is no difference in fertility the expectation of S; is zero 
and the variance o;? can be computed from the formula of the weighted 

Xn: mi ' : 
sum ——_— Sj}. The results of the calculations are summarised and 
Gi 
given in table 8. 

From the above table, it is evident that on the basis of the difference 
in the mean fertility value, the colours namely Light Purple and Red 
show a high significant difference over the other colour groups, just 
the same significant difference as for Light Purple over Red. Perhaps 
it is superfluous to observe that this high significance is not necessarily 
based on a greater difference in the mean fertility value, it may be 
caused by a great number of observations (or by chance). Possibly, 
this explains the reason why with colour Pink where the number of 
observations is smallest, two cases occur in which the test does not 
indicate any conclusion. 

If we indicate the significance ** by an unbroken and * by a 
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broken line where the arrow points to the higher fertility, the results 
can be expressed digrammatically in the following way: 


EP=LIGHTGAPURPEE 
An IRE 
PK= PINK 


RP= REDDISH PURPLE 


a) Ps= PURPLE 


Therefore, the mutual ranking of Light Purple, Red and Reddish 
Purple is fixed, so it is, for Light Purple, Red and Purple and for 
Light Purple, Pink and Reddish Purple. But it is uncertain whether 
Pink has to be placed to the right or to the left of Red, if Reddish 
Purple has to be placed to the right or to the left of Pink and whether 
Purple has to be placed to the right or to the left of Reddish Purple. 


IV. DISCUSSION 


In the foregoing analysis of the data on mean fertility for different 
colour groups, it is evident that these colours do show a characteristic 
difference amongst them, on the basis of their mean fertility value. 
Each colour group is marked by a certain mean fertility value; that 
is to say, there is a close correlation between the flower colour and 
its mean fertility value. 

Quite analogous to this case reported here, KRISHNAMOORTHI 
(1960) reports that male sterile plants in Tabacum have also corolla 
lobes of various dilutions of Pink, but never the normal Pink; the 
less Pink the more sterile. 

The exact cause of this selective behaviour of the colours with 
reference to the fertility can not be definitely said. However, an at- 
tempt is made to interpret this phenomenon. Based on the hypothesis 
that all male gametes and a part of the female gametes carrying the 
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red factor are eliminated, a case of correlation between segregation 
of flower colour and partial sterility in a cross between pure lines of 
Galeopsis Tetralnt, has been reported by MÜNTziNg (1932). The above 
assumption can not hold good in this case because of the main fact 
that the parents involved in this cross are having different chromo- 
some numbers and the sterility in the F; hybrid and in the Fos are 
controlled by the irregularity in the meiosos. It can not also be due 
to cytoplasmic influence, as the F2 obtained from the reciprocal 
cross (Luik x Malta) have shown just the same trend as in the other 
Fos. 

KooPMANs (1952) in her studies on the changes in sex in the flowers 
of the hybrid Solanum Rybimii x S. Chacoense, has discussed three 
different sources namely (1) karyological causes, (2) genotypical 
causes and (3) incongruity between plasm and genome, for the oc- 
currence of such abnormalities. In her materials in which the whole 
stamen is involved, incongruity between plasm and genome certainly 
gives a good explanation, but in the cases discussed here this as- 
sumption does not explain fully why certain F2 segregants behave in 
a different way than the others. It is more justifiable to consider that 
in this particular case there is a close interaction between karyological 
and genotypical causes. It has been discussed elsewhere (HRISHI, 
1960), that in the F; the unpaired chromosomes divide homeo- 
typically in A-l and segregate at random in AI, thus giving rise 
to varying number of micronuclei consisting of varying number of 
chromosomes. We have seen, that by this peculiar behaviour the un- 
paired chromosomes are being eliminated from generation to genera- 
tion and in turn the fertility is restored gradually. In other words, 
due to chromosomal disturbances (karyological causes) the sterility 
is caused. 

In the F2 progeny some segregants under different colour groups, 
when examined, have shown the presence of varying number of 
univalents ranging from three to nine. The Purples and the Reddish 
Purples have shown a smaller number of univalents whose range is 
between three and five, whereas Light Purples and Reds have shown 
a frequency of higher number of univalents up to nine. This clearly in- 
dicates that Purples and Reddish-Purples are far less sterile than the 
Light Purples and Reds. Moreover, if we examine the tables, it is 
seen that there occur plants in Light Purple and Red having fertility 
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above the mean fertility level of the respective colour group. That is 
to say „in the case of Malta x Luik in the colour group Light Purple 
there are 13 plants having higher fertility than the mean fertility 
value; one plant giving the maximum of 65% fertility. The reason 
for such an occurrence can be explained in this way. As previously 
pointed out, that it has been found rather difficult to judge exactly 
where the border line is between the colours Light Purple and Purple; 
so it is between Red and Reddish Purple or between Light Purple and 
Pink. That is to say that visual error has come into play in the exact 
determination of the colour although the Horticultural Chart of the 
Royal Horticultural Society (London) has been carefully consulted. 
Therefore, it is possible that some plants having higher fertility than 
the mean fertility value of the colour group, are by visual error grouped 
under Light Purple or Red; or otherwise, they should have been 
grouped under Purple or Reddish Purple. Similarly, the plants having 
lower fertility than-the mean fertility value in Reddish Purple or 
Purple should have been classified under Red or Light Purple res- 
spectively. 

It has been already reported elsewhere (HrisH1, 1960), that the 
flower colour is governed by polymeric genes. It can be presumed that 
these polymeric genes responsible for the expression of the colours 
are perhaps located in the different chromosomes. When the unpaired 
chromosomes carrying these factors are being eliminated slowly, the 
expression of these factors is also being lost to that extent. Hence, 
it may be assumed that the selective behaviour of the colours with 
regard to sterility is perhaps due to the interaction. between karyologi- 
cal (for causing sterility) and genotypical (for causing different 
colours) causes. Perhaps, it will throw more light on this aspect if 
detailed studies are made with the aid of chromatography in order 
to determine exactly the colour constituents of each segregant and 
then trying to correlate with its pollen sterility. 


V. SUMMARY 


Six F> progenies of an interspecific cross between Papaver setige- 
rum and P, somniferum have been investigated to study the corre- 
lation between flower colour and male sterility. It has been found 
that with regard to the mean fertility value, the colours do show a 


__ CORRELATION BETWEEN MALE STERILITY AND FLOWER COLOUR 419 


significant difference one over the other. An attempt is made to 
interpret this correlation on the basis of a hypothesis that this may 
perhaps be due to the interaction between karyological and geno- 
typical causes. 
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HISTORICAL NOTES, IV 


M. J. Sirks (Genetisch Instituut R.U., Haren (Gron.) Netherlands) 
DARWIN (1859, 1872) ON VARIABILITY 


DARWIN, CH., On the origin of species by means of natural selection: 
First ed, 1859, p. 167-168. Sixth ed, 1872, p. 131. 


Summary. Our ignorance of the laws of variation is profound. Not in one case 
out of a hundred can we pretend to assign any reason why this or that part 
(1859) differs, move ov less, from the same part in the parents. 

(1872) has varied. 

But whenever we have the means of instituting a comparison, the same laws 
appear to have acted in producing the lesser differences between varieties of the 
same species, and the greater differences between species of the same genus. 
(1859) The external conditions of life, as climate and food, &c., seem to have in- 

duced some slight modifications. 

(1872) Changed conditions generally induce mere fluctuating variability, but 
sometimes they cause direct and definite effects; and these may become 
strongly marked in the course of time, though we have not sufficient evidence 
on this head. 

Habit in producing constitutional 
(1859) differences 
(1872) pecularities 
and use in strengthening and disuse in weakening and diminishing organs, 
(1859) seem 
(1872) appear in many cases 
to have been (1859 more) potent in their effects. 
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Photographs of the plants: 
1. Iwora collevi. 2. I.duffii.3. L. griffithii. and 4. L. javanica. 
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Photographs of the plants: 
5. Ixora parviflora. 6. 1. singapovensis. 7. I. vanduca and 8. 1. westii. 
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CHROMOSOME STUDIES IN ZXORA 
by 
ARUN KUMAR SHARMA and TARAPADA CHATTERJEE 


Cytogenetics Laboratory, Department of Botany, University of Calcutta, 
35, Ballygunge Circular Road, Calcutta — 19, . India. 


(Received for publication June 13/ August 20, 1960). 
INTRODUCTION 


The genus Jxora of the family Rubiaceae is considered to be a very 
successful genus and is characterised by its wide distribution in 
South East Asia. Several of its species are cultivated in India specially 
in the plains for their ornamental flowers. It is, however, significant 
that in spite of the regular flowering, seed setting is not profuse and 
horticulturists prefer their propagation through cuttings. 

Chromosome counts so far made in different species of this genus 
show a regular diploid number of twentytwo chromosomes (FAGER- 
LIND, 1937; RAGHAVAN and RANGASWAMY, 1941). This remarkable 
constancy in chromosome number throughout the genus, no doubt 
signifies the homogeneity of this taxonomic unit. No data on the 
detailed karyotype of any species is available. In view of the homo- 
geneity in number, this line of study is specially taken up to find out 
whether karyotype differences can be used as an aid in their identi- 
fication. Moreover, cursory observations by the author in this genus 
revealed the presence of a triploid species and one with 2n — 20 
chromosomes. These findings, the lack of any karyotype data, 
coupled. with the horticultural importance of this genus led to the 
initiation of this investigation. The present paper deals with obser- 
vations made on nineteen different species and varieties. 


zat 5 
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MATERIALS AND METHODS 


Materials: 
The present investigation was carried out on the following species 
and varieties. 
1. Ixora accuminata Roxb. 
2. Ixora bandhuca Roxb. 
3. Ixora chinensis Lamb. 
4. Ixora coccinea Linn. 
5. Ixora coccinea var. lutea Roxb. 
6. Ixora colleri hort. 
7. Ixora duffri T. Moore. 
8. Ixora finlaysoniana Wall. 
9. Ixora grifstmi Hook. 
10. Zwora javanica DC. 
11. Zxora multibracteata Pearson. 
12. Ixora parviflora hort. 
13. Zxora vosea Wall. 
14. Ixora singaporensis hort. 
15. Zxora stricta Roxb. 
16. Ixora sub-sessilis Wall. 
17. Ixora undulata Roxb. 
18. Jxora vanduca hort. 
19. Jxora westi hort. 


The species of Ixora are evergreen shrubs or undershrubs and 
occasionally small trees. In South East Asia there are about 168 
species (BREMEKAMP, 1936-37, 1938-40). In India they are found all 
over the plains both in wild state and also under cultivation. 

Out of the nineteen species and varieties investigated here, four 
were obtained from the University Science College gardens and the 
rest from the Imperial Nursery and the Globe Nursery. The plants 
were grown in the Botanical Garden of the Calcutta University in 
earthenware pots in a mixture of sand and soil. 

Some of the species could not be identified in the Indian Botanic 
Garden, Sibpur. They have been incorporated in the paper with their 


nursery names (hort) and their photographs have been attached 
herewith. (Ph. 1-8). 
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Methods for somatic study: 

For the study of somatic chromosome complement, young and 
healthy root tips were collected and after a series of trials with 
different pretreatment chemicals, the best result was obtained with 
saturated solution of Aesculin for one hour at a temperature of 


‚ 10-12° C. followed by Acetic alcohol (1 : 2) fixation for one hour at 


room temperature (SHARMA and SARKAR, 1955). 

The tips were then heated gently over a flame in a mixture of 2% 
aceto-orcein and N HCI mixed in the proportion of 9 : l for about 
5-6 seconds and kept as such for 15-20 minutes. Finally, the tip 
portion was squashed in 1% aceto-orcein solution on a slide by 
applying uniform pressure over the cover slip and blotting off the 
excess stain. The slides thus prepared were sealed by paraffin. 

The peak period for somatic division was found to lie between 
10-30 A.M. to 1 P.M. 

In some cases, the aceto-orcein smear was made permanent by 
inverting the slide in a trough containing tertiary butyl alcohol 
till the cover slip got detached from the slide. They were then kept 
in another trough containing tertiary butyl alcohol for 5 minutes. 
Finally they were mounted separately in Canada balsam. 

For permanent preparation, the root tips were fixed in Lewitsky's 
fluid (1% chromic acid and 10% formalin: 1 : 1). The usual process 
for paraffin embedding was then followed. 

Sections were cut 12 u thick and were stained according to Newton's 
crystal violet technique. 


Methods for meiotic study: 


Although the plants flower almost throughout the year, the usual 
time for profuse flowering is between June to August. Buds were 
fixed in Acetic alcohol (1 : 1). The maximum frequency of division 


‚was found to occur between 10-30 A.M. to 12-30 P.M. 


Observations were made mostly from temporary preparations, 
for which the buds were squashed in 1% acetocarmine solution. 

For permanent preparation the selected buds were smeared and 
fixed in Nawaschin’s fluid. These were stained in crystal violet and 


_ mounted in Canada balsam in the usual way. 


£ Re 


add ha din asin. 


For microtome sections, the buds were fixed in Nawaschin’s fluid 
followed by the usual process of paraffin embedding. 
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Microtome sections of paraffin blocks were cut at a thickness of 
14 g. and the slides were stained in 1% crystal violet solution for 20 
minutes following Newton's Crystal Violet Todine technique. Mor- 
danting had to be performed for one minute. 


Method for observation: 

All the figures for both somatic and meiotic studies were drawn 
with the help of a drawing head, using Olympus compensating eye- 
piece of x 20 and a 1.3 apochromatic objective with an aplanatic 
condenser of 1.4 N.ÀA. at a table magnification of approximately 

x 2200. 

In the figures, the chromosomes with secondary constrictions are 

drawn in outlines only. 


OBSERVATIONS 


Out of the nineteen species and varieties of Ixora investigated, 
seventeen possess twentytwo as the diploid chromosome number. 
In one species the number is twenty and in another it is thirty-three. 
Variation plates showing lesser numbers have been noted in almost 
all the species in 10% to 20% of the cells. 

The chromosomes are small ranging from 3.3 u to 0.8 u in length 
The detailed analysis of the karyotypes of the different species 
reveals a striking similarity amongst the different chromosome 
complements in length as well as in morphology. 

On the basis of the presence or absence of secondary constrictions 
as also length, the chromosomes can be divided into three groups, _ 
designated as A, B and C. 

The different types of chromosomes are as follows: 


Type A. 

Comparatively long chromosomes each with two constrictions, 
primary and secondary, one median or sub-median in position and 
the other sub-median at the distal end of the slightly longer arm. The 
chromosomes of this type vary from 1.8 q to 3.2 u in length. 


Type B. 


Comparatively medium-sized chromosomes having only a median 
or nearly sub-median primary constriction. The chromosomes be- 
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longing to this category range from 1.l u to 2.3 g in length. They 
gradually grade from the longer to the shorter ones. 


Type C. 

These chromosomes have been found in only one species. They are 
long (3.2 gp) with median primary constrictions. 

Chromosomes possessing secondary constrictions vary to some 
extent in some of the species. The majority of the species have six 
chromosomes with secondary constrictions. 

The detailed study of the chromosomes of different species and 
varieties is presented separately as follows: 


1. Ixora accuminata Roxb. De 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 1) in the dividing nuclei. The length of the chromosomes 
ranges from 3.1 u to 1.1 u approximately. Six chromosomes have 
secondary constrictions. A detailed study of the karyotype reveals 
the presence of chromosomes of the following types (fig. la): 


en 


Range of 

Type No. of pairs | ae Remarks 
A 3 3.1 u to One pair of chromosomes is com- 
1.8 u paratively longer than the other 

two, which are equal. 
B 8 1.9 gy to One pair is comparatively longer 
dele and two pairs are comparatively 

shorter than the rest. 


Eleven chromosomes (fig. 2) have been recorded in the second 
meiotic metaphase stage. 


2. Ixora bandhuca Roxb. 2n Sdk 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 3) in the dividing nuclei. The chromosomes vary from 
27utol.lyu approximately in length and six chromosomes have been 
found to possess secondary constrictions. The detailed study of the 
karyotype reveals the presence of chromosomes of the following 


types (fig. 3a). 
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en 


Type No. of pairs Range of length Remarks 
A 3 Dl One pair is longer than the 
other two. 
B 8 2.0 to 1.4 u Three pairs are longer than 
the rest. 


Eleven chromosomes (fig. 4) have been recorded from second 
meiotic metaphase plates. 


3. J. chinensis Lam. 222 

The somatic tissue of the root-meristem shows twentytwo chromo- 
somes (fig. 5) in the dividing nuclei. The chromosomes vary from 
3.0 g to 0.8 p in length approximately. Six chromosomes bear second- 
ary constrictions. A detailed study of the karyotype reveals the 
presence of the following types (fig. Sa): 


Type No. of pairs Range of length | Remarks 
DN 3 3.0 y to 2.6 u One pair is comparatively 
longer than the other two. 
B 8 2.2uto0.8 u One pair is comparatively 
longer and another shorter 
than the rest. 


Figs. 1-2 — Ixora accuminata Roxb. 
Figs. land la — Normal somatic metaphase with 22 chromosomes and idiogram 
respectively, 
Fig. 2 — Meiotic stage (for details, vide text). 
Fig. 3-4 — Ixora bandhuca Roxb. 
Figs. 3 and 3a — Normal somatic metaphase with 22 chromosomes and idiogram 
respectively. 
Fig. 4 — Meiotic stage (for details, vide text). 
Figs. 5 and Sa — Zxora chinensis Lam. Normal somatic metaphase with 22 
chromosomes and idiogram respectively. 
Figs. 6-8 — Ixora coccinea Linn. 
Figs. 6 and 6a — Normal somatic metaphase with 22 chromosomes and idiogram 
respectively. 
Figs. 7 and 8 — Variation somatic metaphase with 18 and 21 chromosomes 
respectively. 
Fig. 9 — Ixora coccinea var. lutea Roxb. 

Normal somatic metaphase with 22 chromosomes. 
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(Chromosomes with secondary constrictions have been drawn in outline and 


those without, in black). 
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Percentage of pollen sterility, as measured both by methylgreen- 
glycerine jelly and by aceto carmine technique, was found to be 98.5. 


4. Ixora coccinea Linn. 2u D2, 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 6) in the dividing nuclei. The chromosomes range from 
2.5 p to 1.1 g approximately in length. Six chromosomes are provided 
with secondary constrictions. A detailed analysis of the karyotype 
reveals the presence of chromosomes of the following types (fig. 6a) : 


Type No. of pairs Range of length Remarks 
A 3 2.5 uto 2-3 One pair is a bit longer than 
the other two. 
B 8 19m to lol u One pair is comparatively 
longer than the rest. 


Eighteen and twentyone chromosomes, the former having five and 
the latter six with secondary constrictions have been recorded in 
some cells (figs. 7 and 8). 

Percentage of pollen sterility has been found to be 16.4. 


5. Jxora coccinea var. lutea Roxb. 2ni=" 22 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 9). The chromosomes vary from 2.7 u to 1.0 u approxi- 
mately in length. Eight chromosomes have secondary constrictions. 
À detailed study of the karyotype shows the presence of chromosomes 
of the following types (fig. 9a). 


Type No. of pairs | Range of length | Remarks 


EN dt 2.7utol8yu One pair is comparatively 
longer than the other three 
which gradually diminish in 
size. 

B 7 1.8 u to 1.0 u One pair is comparatively 
longer and another much 
shorter than the rest. 


Nineteen and twenty chromosomes, both having eight chromo- 
somes possessing secondary constrictions have been recorded in 
some cells (figs. 10 and 11). 
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6. Ixora colleri hort. ZI dd 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 12) in the dividing nuclei. The chromosomes vary from 
2.9 u to 1.4 q in length. Six chromosomes have secondary constrictions. 
The karyotype, when analysed, reveals the presence of chromosomes 
of the following types (fig. 12a). 


Type No. of pairs Range of length Remarks 
A 3 29 pto 2/0 One pair is a little longer 
than the other two. 
B 8 23 uto l.4yu Two pairs are longer than 
the rest. 


Twentyone chromosomes have been recorded in some cells and out 
of these six have secondary constrictions (fig. 13). 


7. Ixora duffit T. Moore. ZA: 

The somatic tissue of the root meristem shows twenty chromo- 
somes (fig. 14) in their dividing nuclei. The chromosomes range from 
3.2 u. to 1.4 g approximately in length. Six chromosomes are provided 
with secondary constrictions. A detailed study of the karyotype reveals 
the presence of chromosomes of the following types (fig. 14a). 


Type No. of pairs Range of length Remarks 


eN 3 3.3 uto 24u One pair is comparatively 
longer than the other two 
which are equal in length. 


B 6 2.3 pto 1.6 One pair is a bit longer than 
the rest. 
C j SEN Normal. 


8. Ixora finlaysoniana Wall. 2n.=i22, 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 15) in the dividing nuclei. The chromosomes vary from 
2.8 u to 1.3 pg in length approximately. Six chromosomes have 
secondary constrictions. A detailed study of the karyotype reveals 
the presence of chromosomes of the following types (fig. 15a): 
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en 
Type No. of pairs Range of length Remarks 


A 3 2.8 u All the three pairs are equal 
in length but differ in the 
position of constrictions. 

B 8 19 utol3yu Three pairs are comparatively 
longer and another three 
pairs are comparatively 

| shorter than the rest. 


Twenty chromosomes with six of them possessing secondary 
constrictions have been recorded in some cells (fig. 16). 

Eleven bivalents have been observed in the polar view of the first 
meiotic metaphase of the P.M.C.s. Secondary association of bivalents 
also has been recorded in this stage (figs. 17-22). The maximum 
association or rather the least number of groupings has been found 
to be 2(3) + 1(2) + 3(1). This suggests that the basic number of the 
species is six. The different types of associations noted are tabulated 
below: 


Figs. 9a-l 1 — Ixora coccinea var lutea Roxb. 
Fig. Ja — Idiogram. : 
Figs. 10 and 11 — Variation somatic metaphase with 19 and 20 chromosomes 
respectively. 
Figs. 12 and 13 — Ixora colleri. 
Figs. 12 and 12a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 
Fig. 13 — Variation somatic metaphase with 21 chromosomes. 
Figs. 14 and 14a — Ixora diuffi T. Moore. 

Normal somatic metaphase with 20 chromosomes and idiogram respectively. 
Figs. 15-16 — Ixora finlaysoniana Wall. 
Figs. 15 and 15a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 
Fig. 16 — Variation somatic metaphase with 20 chromosomes. 
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Secondary association of bivalents in first meiotic metaphase 


ie Ee Ge No. of times Units of Maximum 
GER ag observed groupings association 
observed 
1. 4(2) + 3(1) 3 7 
2. 3(2) + S(I) 6 8 
3. 2(3) + 1(2) + 3(1) 3 6 2(3) + 1(2) + S(I) 
4. 1(3) + 2(2) + 4(I) 6 | 7 
5. 2(3) +-5(1) 4 7 
6. 1(3) + 8(1) 2 9 


9. Ixora grifithii Hook. Zar de 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 23) in the dividing nuclei. The chromosomes vary from 
3.2 to 1.1 g inlength approximately. Six chromosomes have secondary 
constrictions. A detailed study of the karyotype reveals the presence 
of chromosomes of the following types (fig. 23a): 


Type No. of pairs Range of length Remarks 
A 3 3.2 u to 2.3 u The three pairs are graded 
in size, 
B 8 VEN er LoL Three pairs ace comparati- 
vely longer and two pairs 
shorter than the rest. 


Figs. 17-22 — Ixora finlaysoniana Wall. 
Meiotic stages (for details, vide text). 
Figs. 23-29 — Ixora griffithii Hook. 
Figs. 23 and 23a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 
Figs. 24 and 25 — Variation somatic metaphase with 17 and 20 chromosomes 
respectively. 
Figs. 26-29 — Meiotic stages (for details, vide text). 
Fig. 30 — Ixora javanica DC. 
Normal somatic metaphase with 22 chromosomes. 
Figs. 31 and 32 — Ixora multibracteata Pearson. 
Fig. 31 — Normal somatic metaphase with 22 chromosomes. 
Fig. 32 — Variation somatic metaphase with 18 chromosomes. 
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Seventeen chromosomes with three of them having secondary 
constrictions and twenty chromosomes with four of them being 
provided with secondary constrictions have also been noted in some 
cells (figs. 24 and 25). 

Eleven bivalents have been recorded in both the diakinesis and 
the first meiotic metaphase stages. One lagging bivalent has been 
noted in both the first meiotic anaphase and the second meiotic 


anaphase (figs. 26-29). 


10. Ixora javamca Dc. 2 22. 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 30) in the dividing nuclei. The chromosomes vary between 
3.2 u to 0.9 u. approximately in length. Six chromosomes are provided 
with secondary constrictions. A detailed study of the karyotype 
reveals the presence of chromosomes of the following types (fig. 30a). 


Type No. of pairs Range of length Remarks 
A 3 3.2uto 2.7 u One pair is comparatively 
longer than the others. 
B 8 2.3 uto0.9u Two pairs are mu h longer 
and another much shorter 
than the rest. 


Fig. 30a — Ixora javanica DC. Idiogram. 
Figs. Sla and 33 — Ixora multibracteata Pearson. 
Fig. Sla — Idiogram. 
Fig. 33 — Variation somatic metaphase with 20 chromosomes. 
Figs. 34 and 34a — Ixora parviflora. 
Normal somatic metaphase with 22 chromosomes and idiogram respectively. 
Figs. 35-40 — Ixora rosea Wall. 
Figs. 35 and 35a — Normal somatic metaphase with 33 chromosomes and 
idiogram respectively. 8 
Figs. 36 and 37 — Variation somatic metaphase with 26 and 30 chromosomes 
respectively. 
Figs. 39 and 40 — Meiotic stages (for details, vide text). 
Fig. 41 — Ixora singapovensis. 
Normal somatic metaphase with 22 chromosomes. 
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11. Ixora multibracteata Pearson Pe WA 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 31) in their dividing nuclei. The length of the chromo- 
somes ranges from 2.7 u to 0.9 u approximately. Six chromosomes 
are provided with secondary constrictions. A detailed study of the 
karyotype reveals the presence of chromosomes of the following types 
(fig. 31a): 


Type No. of pairs Range of length Remarks 
A 3 2.7 uto2.4yu The three pairs are graded 
in size. 
B 8 2.2uto0.9 u Two pairs are comparatively 
longer and one pair shorter 
than the rest. 


Eighteen and twenty chromosomes. the former having five and the 
latter six chromosomes with secondary constrictions have been 
recorded in some cells (figs. 32 and 33). 


12. Ixora parviflora hort. Zn == 2 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 34) in their dividing nuclei. The chromosomes vary from 
28 u to l.l u approximately in length. Eight chromosomes are 
provided with secondary constrictions. A detailed analysis of the 
karyotype reveals the presence of chromosomes of the following 
types (fig. 34a): 


Type No. of pairs Range of length Remarks 
A 4 2.8 uto 22u Two pairs are comparatively 
longer than the other two. 
B 7 2.0utol.lg Two pairs are comparatively 
longer and one pair shorter 
than the rest. 


13. Ixora rosea Wall. 2n = 39, 

The somatic tissue of the root meristem shows thirtythree chromo- 
soesm (fig. 35) in their dividing nuclei. The chromosomes range from 
2.7 u to 1.2 u in length. Six chromosomes are provided with secondary 
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constrictions. A detailed study of the karyotype reveals the presence 
of chromosomes of the following types (fig. 35a): 


E No. of tripli- | 
ype zes Range of length Remarks 
A 2 27 The two triplicates are nearly 
identical, 
B 9 2.3 uto l.2u Three triplicates are longer 
and one shorter than the rest. 


Twentysix and thirty chromosomes, both having six with secondary 
constrictions have been recorded in some cells (figs. 36 and 37). 

In the diakinesis stage thirtythree chromosomes have been noted 
with three trivalents and three bivalents. During the first meiotic 
anaphase various degrees of lagging have been noted (figs. 38-40). 

Percentage of pollen sterility was found to be di! 


14. Ixora singaporensis hort. 2njer22: 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 41) in the dividing nuclei. The length of the chromosomes 
ranges from 2.7 u to 1.1 g. Six chromosomes have secondary con- 
strictions. A detailed analysis of the karyotype reveals the presence 
of chromosomes of the following types (fig. 4la): 


Type No. of pairs Range of length Remarks 

A 3 2.7uto20y One pair is comparatively 
longer than the others. 

B 8 2.4gtol.ly One pair is comparatively 
longer and two pairs are 
comparatively shorter than 
the rest. 


Cells having nineteen chromosomes with six of them possessing 
secondary constrictions have been recorded (fig. 42). 
Eleven chromosomes have been recorded in second meiotic meta- 


phase (fig. 43). 


15. Ixora stricta Roxb. 2 == 24 
The somatic tissue of the root shows twentytwo chromosomes 


(fig. 44) in the dividing nuclei. The length of the chromosomes ranges 


438 ARUN KUMAR SHARMA AND TARAPADA CHATTERJEE 


from 2.7 g. to 1.1 g. Six chromosomes have secondary constrictions. 
A detailed study of the karyotype reveals the presence of chromo- 


somes of the following types (fig. 44a): 
eeen 


Type No. of pairs Range of length Remarks 
A 3 | 27uto23u Normal. 
B | 8 1.8 uto 1.1 u |_One pair is comparatively 
longer and another shorter 
than the rest. 


Twenty chromosomes with four of them having secondary con- 
strictions have been recorded in some of the cells (fig. 45). 


16. Ixora subsessilis Wall. 2ns= 22: 

The somatic tissue of the root shows twentytwo chromosomes 
(fig. 46) in the dividing nuclei. They vary from 2.7 u to 1.4 g approxi- 
mately in length and six chromosomes possess secondary constrictions. 
The detailed study of the karyotype reveals the presence of chromo- 
somes of the following types (fig. 46a): 


Type No. of pairs | Range of length | Remarks 
JN 3 2.7 uto23u Two pairs are comparatively 
shorter than the third. 
B | 8 2.3utol.4u One pair is comparatively 
longer than the rest, which 
are grading in size. 


Fig. 38 — Ixora rosea Wall. Diakinesis. 

Figs. 41la-43 — Ixora singapovensis. 

Fig. — Idiogram. 

Fig. 42 — Variation somatic metaphase with 19 chromosomes. 

Fig. 43 — Meiotic stage (for details, vide text). 

Figs. 44-45 — Ixora stricta Roxb. 

Figs. 44 and 44a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 

Fig. 45 — Variation somatic metaphase with 20 chromosomes. 

Figs. 46-49 — Ixora sub-sessiles Wall. 

Figs. 46 and 46a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 

Figs. 47 and 49 — Variation somatic metaphase with 19 and 21 chromosomes 
respectively. 
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In some of the plates nineteen, twenty and twentyone chromosomes 
have been noted in all of which six chromosomes have secondary 
constrictions (figs. 47-49). 

High degree of irregularity, in addition to normal behaviour has 
been noted in both first and second meiotic anaphase stages in the 
form of early separation and lagging. In the second meiotic metaphase 
twentytwo chromosomes have been recorded (fig. 50-59). 


17. Ixora undulata Roxb. 2n=@2. 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 60) in the dividing nuclei. The chromosomes vary between 
2.8 u to 0.9 g approximately in length. Six chromosomes have second- 
ary constrictions. A detailed analysis of the karyotype reveals the 
presence of the following types (fig. 60a): 


Type No. of pairs Range of length Remarks 
A 3 2.8 uto 24u The pairs are graded in size. 
B 8 2.2 uto 0.9 u Two pairs are comparatively 


longer and another two pairs 
shorter than the rest which 
are grading. 


Twenty and twentyone chromosomes both being provided with 
six chromosomes having secondary constrictions have been recorded 
in some cells (figs. 61 and 62). 


18. Ixora vanduca hort. OM ek 
The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 63) in their dividing nuclei. The chromosomes vary from 


Figs. 48-59 — Ixora sub-sessiles Wall. 

Fig. 48 — Variation somatic metaphase with 20 chromosomes. 

Figs. 50-59 — Meiotic stages (for details, vide text). 

Figs. 60-62 — Ixora undulata Roxb. 

Figs. 60 and 60a — Normal somatië metaphase with 22 chromosomes and 
idiogram respectively. 

Figsl 61 and 62 — Variation somatic metaphase with 20 and 21 chromosomes 
respectively. 
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Figs. 63-66 — Ixora vanduca. 

Figs. 63 and 63a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 

Figs. 64-66 — Variation somatic metaphase with 18, 19, and 20 chromosomes 
respectively. 

Figs. 67-70 — Ixora westii. 

Figs. 67 and 67a — Normal somatic metaphase with 22 chromosomes and 
idiogram respectively. 

Figs. 68 and 69 — Variation somatic metaphase with 20 and 21 chromosomes 
respectively. 

Fig. 70 — Meiotic stage (for details, vide text). 
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2.8 u to 1.l u approximately in length. Eight chromosomes have 
secondary constrictions. A detailed study of the karyotype reveals 
the presence of chromosomes of the following types (fig. 63a): 


Type No. of pairs | Range of length Remarks 
| | 
A 4 | 2.8 uto 23u |_The pairs are graded in size. 
B 7 | 19 utol.lu Five pairs are approximately 
| of equal length and are 
| longer than the other two. 


Eighteen, nineteen and twenty chromosomes, all having six with 
secondary constrictions have been recorded in some cells (figs. 64-66). 


19. Ixora westi hort. 222, 

The somatic tissue of the root meristem shows twentytwo chromo- 
somes (fig. 67) in the dividing nuclei. The chromosomes vary between 
2.7 u to 1.1 g in length approximately. Six chromosomes have second- 
ary constrictions. A detailed analysis of the karyotype reveals the 
presence of chromosomes of the following types (fig. 67a): 


Type | No. of pairs Range of length Remarks 
A | 3 2.7uto23u One pair is comparatively 
longer than the other two. 
B 8 1.9 utol.lu Two pairs are comparatively 
longer and three pairs shor- 
| ter than the rest. 


Twenty and twentyone chromosomes, the former having six and 
the latter five secondary constrictions have also been recorded (figs. 
68 and 69). 

Eleven chromosomes have been recorded in the second meiotic 


metaphase stages (fig. 70). 


DISCUSSION 


All the species and varieties of Zxora investigated by the author 
show 2n — 22 chromosomes, excepting /. rosea (2n — 33) and 1. 
duffii (2n — 20). The karyotype too is quite uniform and is only 
divisible into three major types. However, evidences of rearrange- 
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ments are present in the minor differences in the details of the karyo- 
types of different species. These differences mainly involve the size, 
nature and number of chromosomes with secondary constrictions or 
satellites. Even though some difference is treaceable between some 
of the species, a number of them reveal karyotype not morphologic- 
ally distinguishable from one another. Since, even with refined 
methods, no structural changes could be detected, it appears that 
speciation in this genus has been principally effected by imperceptible 
gene mutation as noted in species of Ribes, Carica, Streptocarpus, etc. 
(vide, GATES, 1951). 

Incidence of polyploidy has been revealed in /. rosea with 2n — 33 
chromosomes. In addition to this only one more case of polyploidy 
is known in this genus, named in FAGERLIND's (1937) report of 2n — 
22 and 44 chromosomes in Z. schawii. 

Meiotic study in /. rosea reveals the presence of a maximum of 
three trivalents. The possibility of its being allopolyploid is more 
than that of being an autoploid. The occurrence of trivalents can be 
explained by assuming homology between certain members of the 
complements of different species. 

It may be mentioned that secondary association of bivalents in 
meiosis indicating a minimum of six groupings has been found in 
1. finlaysoniana. If the idea of deriving homology on the basis of 
secondary association of bivalents be considered as correct then six 
should be regarded as the basic number of this species. It is, however, 
improbable for a homogeneous genus like Zxora to have a different 
basic number for only one species. It appears that all the other species 
so far investigated have lost all traces of homology between the 
associating bivalents in course of evolution. If six is the basic number 
for the genus, then the role of amphidiploidy from the early stages 
of evolution is to be assumed. The number eleven, at present so 
deep seated for this genus, seems to be a secondarily derived one. 

The occurrence of 2n — 20 chromosomes in Z. duffii is quite signi- 
ficant. It is difficult to state at present as to which of the numbers 
twentytwo and twenty represents the primitive condition. It is not 
yet known whether the latter is a derivation from the former by 
elemination of a pair of chromosomes, or the former has been derived 
from the latter by duplication. It is worth noting that a pair of 
chromosomes represented by type C is present in I. duffii which is 
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much longer than any of the non-satellited chromosomes of other 
species. One is often tempted to conjecture that an extra small pair 
of chromosomes had been the result of fragmentation near the median 
portion of type C of 1. duffii. Such an assumption, however, is unable 
to explain the presence of a median centromere in the extra eleventh 
pair of chromosomes in other species. Even if, such a possibility is 
excluded, some explanation is desirable to account for the presence 
of this unusual type of chromosomes in Z. duffiij and its absence in 
others. 

The occurrence of 2n — 20 chromosomes in one species of the 
genus Ixora is also significant from a cytotaxonomic standpoint. 
The genus Coffea with which it is considered to be allied, is also 
characterized by n — 11 chromosomes in all its species (Vide DARLING- 
TON and Wyrie, 1955) except in C. mauritiana where 2n — 20 chro- 
mosomes have been recorded (mentioned in the original paper of 
FAGERLIND in 1937). It appears therefore that the affinity of the genus 
Ixora with Coffea is unquestionable from a cytological standpoint. 
Cross-breeding data is however necessary to confirm the stand. 

Considerable variation in chromosome number has been noted in 
the somatic tissue. In majority of the species nuclei with altered 
chromosome numbers such as seventeen, eighteen, nineteen, twenty, 
twentyone, etc. have been found along with the normal nuclei in 
the somatic tissue. In view of the cutting practices followed for the 
propagation of these species and as such, because of the lesser de- 
pendence on sexual reproduction, irregularities gradually accumulate 
in somatic tissue. In normal sexually reproducing species such 
irregularities become gradually eliminated from the life cycle. Nu- 
merical variations possibly arise through non-disjunction of individual 
chromosomes in the dividing condition. Such irregularities in behaviour 
may have a direct bearing on the origin of new species, specially as 
reproduction through sexual means is not the usual procedure 
(SHARMA, 1956). Unfortunately however, except in one species all 
others have been found to possess clear twentytwo or thirtythree 
chromosomes. Extensive search on different individuals is necessary 
to find out whether numerically altered types survive in nature. 

High frequency of irregularities in chromosome behaviour has been 
found in meiosis. Such irregularity includes lagging and early sepa- 


ration. 
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Heavy frequency of pollen sterility has been found in £. chinensis, 
whereas others namely, Z. coccinea and I. rosea show a good deal of 
pollen abortion in them. Even if, the behaviour in the last mentioned 
species can be explained on the basis of triploidy, no other explanation 
can be offered for the other two diploid species. It appears that 
meiotic irregularities which may arise during meiosis or during early 
stages, accumulate in the absence of an effective means of sexual re- 
production. The result of their division is the high degree of pollen 
sterility. Unfortunately, in Z. chinensis meiosis could not be studied 
which would have clearly indicated the cause of pollen sterility upto 
the extent of 98% in this species. It will be worthwhile to find out as 
to how the cells behave during megasporogenesis. 


SUMMARY 


L. All the species and varieties of Ixora investigated show a more 
or less constant chromosome number. The karyotypes too reveal very 
little difference amongst themselves showing thus that speciation 
in this genus has been accomplished mainly through imperceptible 
gene mutation, although polyploidy also has played a minor role. 

2. On the basis of secondary association noted in Z. finlaysoniana 
six has been taken as the basic number of the genus, from which the 
number eleven probably has arisen through amphidiploidy. 

3. The occurrence of 2n — 20 chromosomes in Z. duffii with one 
pair of C type chromosomes indicates that either it has come through 
elimination from species with twentytwo chromosomes or itself has 
given rise to the latter by means of fragmentation. 

4. IL. duffit with 2n — 20 chromosomes also confirms the affinity 
of the genus Zxora with Coffea. 

9. Variation in chromosome number in somatic cells can be 
attributed to less dependence on sexual reproduction. 

áe Irregularity in meiosis suggests possible hybrid nature of the 
species. 

1. High frequency of pollen sterility can be attributed to meiotic 
irregularities and less dependence on sexual reproduction. 
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HISTORICAL NOTES, V 


M. J. Sirks (Genetisch Instituut R.U., Haren (Gron.) Netherlands) 
Boverr in 1904 ON THE RELATIONS BETWEEN GENES AND CHROMOSOMES 


Bovert, Tu., 1904. Ergebnisse über die Konstitution der chromatischen 
Substanz des Zellkerns (Jena, Fischer, 1904, p. 118). 


Wir sehen also hier auf zwei Forschungsgebieten, die sich ganz unabhängig 
voneinander entwickelt haben, Resultate erreicht, die so genau zusammen- 
stimmen, als sei das eine theoretisch aus dem anderen abgeleitet; und wenn wir 
uns vor Augen halten, was wir aus anderen Tatsachen über die Bedeutung der 
Chromosomen bei der Vererbung entnommen haben, so wird die Wahrscheinlich- 
keit, dass die in den Mendelschen Versuchen verfolgten Mervkmale wirklich an be- 
stimmte Chromosomen gebunden sind, ganz ausserordentlich gross .……… Ähnlich 
wie wir aus der Entwicklung doppelt befruchteter Eier eine Verschiedenwertig- 
keit der Chromosomen ganz unabhängig von einer etwa für das Auge an ihnen 
nachweisbaren Verschiedenheit zu erkennen vermögen, würde z.B. die Tatsache, 
dass zwei Merkmale bei fortgesetzter Zucht invmer gemeinsam auftveten und gemein- 
sam verschwinden, mit grösster Wahrscheinlichkeit den Schlusz zu ziehen erlauben 
dass die Anlagen für diese beiden Merkmale in dem gleichen Chromosoma lokali- 
siert sind. Und weiter: wenn sich eine Bastardierung auf zahlreiche Merkmale er- 
stveckt und sich bei fovtgesetzter Zucht ergiebt, dass die Zahl der Kombinationen, in 
welchen die einzelmen Mevkmale verbunden sein können, grösser ist, als es den 
Kombinationsmöglichkeiten der vorhandenen Chromosomen entspricht, so wäre 
daraus zu folgern, dass die in einem Chromosoma lokalisierten Merkmale sich bei 
der Reduktionsteilung unabhängig voneinander in die eine oder die andere Tochter- 
zelle begeben können, was auf einen Umtausch von Teilen zwischen den homologen 
Chromosomen hinweisen würde. 

English translation: 

So we see that along two lines of research, which have developed quite inde- 
pendently, results have been obtained, which agree so fully that seemingly one 
can be traced from the other. When we keep in mind what other facts have 
taught us on the importance of chromosomes for heredity, so if seems highly 
probable that the characters studied in mendelian experiments are tied up with 
special chromosomes .…. In the same way like the development of double ferti- 
lized eggs has shown a difference in value of the various chromosomes, inde- 
pendently from their differences which can be stated by visual observation, the 
fact that two characters in continuous breeding experiments, always appear or 
disappear together, very probably allows to conclude that the material bases for both 
characters are localized in the same chromosome. Further: when a hybridization 
involves numerous characters, while continuous breeding shows that the number of 
combinations, in which these separate characters may be avvanged, is larger than the 
possible combinations of chromosomes present, the conclusion may be drawn that 
the characters localized in one and the same chromosome, in the veduction division 


can go to different daughtercells, which would point to an exchange of parts between 
both homologous chromosomes. 
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1 factors controlling radiation sensi- 
imals the ploidy status of the organism is an 
lationship between polyploidy and 
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results in general suggest that radiation induced lethality decreases 
with an increase in ploidy. The fact that survival curves for diploids 
are different from those of polyploids has been used by severdl 
workers to estimate the ploidy of strains of yeasts and Escherichia coli 
(LATARJET and EPHRUSSI, 1949; Togzras et al 1958; ZELLE and OGG, 
1957). Several exceptions have, however, been reported in recent 
years from the general trend that radiation sensitivity is directly 
proportional to the number of chromosome sets present in the orga- 
nism. Thus, CLARK (1957) in a study of the influence of ploidy on the 
radiosensitivity of Habrobracon at various stages of development 
found that there is no simple correlation between ploidy and radio- 
sensitivity throughout the life cycle. He proposed that changes in 
radiosensitivity may come about as a result of a balance between 
dominant and recessive lethals that varies with the stage of develop- 
ment. Among plants, KOoNzAK and SINGLETON (1952) found that 
tetraploid wheat is more resistant than hexaploid wheat to thermal 
neutrons, while the reverse was true in the case of X-radiation. 

Divergent results have also been reported as regards the effect of 
polyploidy on chromosomal radiosensitivity. In an experiment in 
Tradescantia paludosa, CONGER and JoHNSTON (1956) found that 
diploid cells had twice as many aberrations as the haploids i.e, the 
aberration frequency per chromosome was the same in haploid and 
diploid cells. They concluded from this observation that the space 
over which chromosome breaks can interact to produce an exchange 
is very limited. SWAMINATHAN and NATARAJAN (1956) have, however, 
questioned this conclusion. Using diploid, tetraploid and hexaploid 
species of wheat, they observed that although X-rays and P32 bêta 
particles yielded a fixed number of chromosome breaks per unit length 
of chromosome in the three species, fast neutrons gave approximately 
10 times as many breaks in the hexaploid species as in the diploid or 
the tetraploid. They hence suggested that the frequency of interaction 
of chromosome breaks depends both on ploidy and the ionisation 
density of the mutagen used. It thus appears that the relationship 
between polyploidy and radiosensitivity may be influenced by several 
other factors such as the nature and extent of ploidy, the LET (Linear 
energy transfer) of the radiation used and the developmental stage of 
the organism., 


STEBBINS (1957) has indicated two further difficulties in the study 
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of the effect of polyploidy on chromosomal radiosensitivity in plants. 
First, the metaphase chromosome length which is usually used for 
calculating the total chromosome length of the complement may be 
subject to errors caused by differential condensation. Secondly, in 
an allopolyploid series like that of the wheat species, the result may be 
_ modified by differential radiation sensitivity among the different 
genome components. The present study was hence undertaken in an 
autopolyploid (diploid and autotetraploid barley) and an allopolyploid 
(diploid, tetraploid and hexaploid species of wheat) series, so as to 
ascertain whether the proportionality relationships observed between 
different types and doses of radiations and survival, plant growth, 
chromosomal aberrations and mutation frequency are different in 
the two series. Cytophotometric measurements of DNA were carried 
out in control and irradiated material and the cytochemical and 
cytological data were compared in order to find out the validity of 
calculating chromosome length of a complement on the basis of the 
length of chromosomes at metaphase. 

An understanding of the advantages and disadvantages caused 
by the polyploid state with reference to the induction of mutations 
is also of great practical interest since many important crop plants 
like emmer and bread wheat, potato, upland cotton, tobacco and 
sugarcane are polyploids. STADLER (1929, 1930) studied this problem 
in species of Avena and Triticum using chlorophyll-defective off-types 
as an index of mutability and found that there is a sharp decline in 
the rate of observable mutation with increasing ploidy. It thus seemed 
that polyploid plants by virtue of the buffering effect caused by gene 
reduplications may be phenotypically very stable when treated with 
mutagens. 

STADLER (1930) was hence sceptical about the utility of undertaking 
mutation research in polyploid plants though he did emphasise that 
where the character of value is controlled by only a single gene, 
polyploids will be as suitable as diploids as experimental material. 
The promising results obtained by GoopsPEED (1929) in tobacco, 
HoRLACHER and KirroveH (1933) in upland cotton and DELAUNAY 
(1934), SAPEHIN (1935) and GUsTAFSSON (1947) in bread wheat reveal 
that the enhanced ability of a polyploid to tolerate chromosome struc- 
tural changes may render it more, and not less, favourable for being 
used in mutation experiments. Thus, MacKey (1954b) found that the 


452 S. BHASKARAN AND M. S. SWAMINATHAN 


total number of viable mutations induced in 6x wheat by X-rays 
and Fast neutrons is much higher than that found in 2x wheat or 
barley. The results of NATARAJAN et al (1958) also support this view. 
During the present study the second generation material of wheat 
and barley in some of the radiation treatments was carefully studied 
to estimate the types and frequencies of mutations induced in them. 
The data obtained from the cytological, cytochemical and genetical 
studies throw further light on this complex problem. 


II. MATERIAL AND METHODS 


Material: 
The species and varieties used in the present study are listed in 
Table 1. 


TABLE | 
Somatic 
Species Variety chrome: Remarks 
some 
number 
Triticum Japanese 14 This is an early variety with a known 
monococcum L. Early karyotype (SWAMINATHAN and NA- 
TARAJAN, 1956.) 
T. dicoccum Khapli 28 The variety has been used in breeding 
Schrank for stem rust resistance. 
T. aestivum L. C. 591 42 An improved variety grown in the 
sub species Punjab. The variety is highly stable 
vulgare and homogeneous and is characteri- 
(Vill Host) sed by a fully awned earhead, white 
Mac. Key and pubescent glumes, amber coloured 
grains and medium maturity. The 
variety has a pair of double constric- 
ted, satellited chromosomes (BHADU- 
RL and NATARAJAN, 1956). 
Hordeum N.P.13 14 An improved 6-rowed variety of bar- 
vulgare. ley evolved at the Indian Agricul- 
cultural Research Institute. 
—do — INP S 28 Colchicine-induced autotetraploid of 
the above. 
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Mutagens used: 
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The various mutagens used in this study and the methods of treat- 
ment are detailed in Table 2. 


TABLE 2 


NN rs ESC 


Mutagen 


Source 


Method of treatment 


(a) X-rays 


(b) Fast neu- 
trons 


(ce) Thermal 
neutrons 


(d) Ultra-violet 
rays 


(e) Infrared- 
rays 


Methods: 


The moisture content 


Phillips X-ray machine 
operated at 50kv., unfilte- 
red at the rate of 2200 r per 
minute at 15 cm. distance 
from the source. 


Cascade generator at the 
Tata Institute of Fundamen- 
tal Research, Bombay. Flux 
used 10% N/cm?/sec over a 
2x solid angle using the 
reaction d (Be® B!) «. 
‘Apsara’ reactor of the De- 
partment of Atomic Energy, 
Bombay. Irradiated for 41.4 
minutes in the flux of 8 X 
109 N/cm3/sec. 

Philips Germicidal lamp e- 
mitting UV rays of 2600Ä. 


From ‘Hanovia’ Sollux 
lamp, Model 10 


Dry seeds were arranged in 
one layer, the embryo portion 
facing up and the treatments 
were given for various du- 
rations depending on the 
dosage needed. In barley the 
embryo portion was exposed 
by dehusking. 

Dry seeds were treated for 
3, 5 and 6 hours. 


Dry seeds in paper packets 
were treated in the thermal 
column. 


Dry seeds were irradiated for 
one hour at 10 cm. distance 
from the source. 
Dry seeds were irradiated for 
1 hour at 10 cm. distance 
from the source. 


of all the seeds used in the radiation experi- 


ments was carefully determined and seeds with nearly identical mois- 
ture content were used for irradiation. 

The seeds were germinated under uniform conditions of temperature 
(25° + 2°C) and humidity. For studying chromosomal aberrations 
in root tip cells, the schedule of WorFF and Lurerorp (1957) was 
followed. Meiosis was studied in Feulgen squashes of anthers fixed 


in acetic alcohol (1 : 3) 


‚ For the quantitative estimation of chromo- 
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somal aberrations induced by the different treatments, cells at meta- 
phase and early anaphase were scored. Since in the WorrF and 
Lureporp (1957) technique ‚root tips are treated with 0,2% colchicine 
for 2 hours, there is an accumulation of cells at metaphase. 

For determining the DNA content of cells, a photoelectric micro- 
spectrophotometer was set up using the two wave length principle 
outlined by PATAU (1952) and ORNSTEIN (1952). The details of this 
microspectrophotometer have been described elsewhere (BHASKARAN 
and SwWAMINATHAN, 1958). 


HI. EXPERIMENTAL RESULTS 


A. Frequency and types of chromosome aberrations 
induced by different mutagens 


a. Mitotic chromosomes 


1. X-rays: 

Wheat: A detailed study of the effects of various dosages of X-rays 
on root tip mitosis in diploid, tetraploid and hexaploid wheats was 
made. Dry dormant seeds of diploid, tetraploid and hexaploid wheats 
were treated with X-rays at dosages ranging from 5000 r to 50,000 r 
in increments of 5000 r. Cytological data were collected on root tips 
fixed, immediately, 24 hours and 48 hours after germination. The 
aberrations commonly observed were chromosome breaks (centric 
and acentric), minute deletions, dicentrics, rings and intercalary 
exchanges (Figures 1 to 8). Chromatid breaks occurred very rarely. 
At higher dosages of X-rays chromosome stickiness prevented a 
critical evaluation of the frequency of occurrence of aberrations. In 
such cases, only cells which were not affected drastically and in which 
the chromosomes were fairly well-spread were selected. In view of 
such a selection, a strict comparison cannot be made among the three 
species beyond 30,000 r. The number of breaks per cell in diploid, 
tetraploid and hexaploid wheats treated with various dosages of 
X-rays is given in Table 3. While single hit and multihit aberrations 
were scored separately, the different classes of breaks were pooled 
for estimating the total number of breaks per cell. It will be seen 
from this data that the number of breaks increases with an increase 
in dosage in each of the 3 species of wheat. 
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BAE 3. Mean number of breaks per cell immediately after germination in 
diploid, tetraploid and hexaploid wheats treated with different dosages of X-vays 


Dosage ne. 
3 Diploid Tetraploid Hexaploid 
1000 r Mean + S.E. Mean + S.E. Mean + S.E. 
5 0.36 + 0.085 0.62 + 0.132 0.95 + 0.167 
10 0.51 + 0.121 0.79 + 0.158 1.00 + 0.188 
15 0.56 + 0.127 0.86 + 0.195 1.05 + 0.216 
20 0.89 + 0.178 1.05 + 0.215 1.54 + 0.312 
25 0.91 + 0.184 1.59 + 0.248 2.93 + 0.393 
30 1.00 + 0.199 2.01 + 0.430 3.60 + 0.466 
35 1.57 + 0.208 2.43 + 0.368 — 
40 1.61 + 0.215 — — 
45 0.87 + 0.293 — == 
50 0.91 + 0.179 — — 


The number of breaks per cell increased with increase in the ploidy 
status of the plant. At all dosages of X-rays, the largest number of 
breaks in a cell was found in the hexaploid followed by tetraploid 
and diploid wheats. The maximum number of breaks in a cell recorded 
was 64 in hexaploid wheat treated with 35,000 r, 42 in tetraploid 
wheat treated with 40,000 r and 32 in diploid wheat treated with 
30,000 r and 40,000 r. 

In fixations made 24 hours after germination, the number of breaks 
per cell was reduced when compared to the analysis made immediately 
after germination. This decrease in the chromosomal aberration fre- 
quency may be due to the elimination of those cells which showed a 
large number of breaks. 

Since the total chromosome lengths are different in the three spe- 
cies of wheat, the number of breaks per unit length (100 u) of chromo- 
some was calculated and the data are presented in Text fig. 1. The 
data were subjected to statistical analysis and the significance of the 
difference between the mean number of aberrations was tested by 
the normal deviate method. It was found that the three species of 
wheat had an identical sensitivity to X-rays up to 25,000 r, i.e. no 
statistically significant difference was found. At 30,000 r diploid wheat 
showed a significantly lower frequency of aberrations when compared 
to hexaploid wheat, but identical sensitivity when compared with the 
tetraploid. But at later stages (24 and 48 hours after germination) 
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WHEAT 


LOT mm Diploid 
CI Tetraploid 
ag Hex aploid 


25 BARLEY 


ME Diploid 
LJ Tetraploid 
2.0 


Number of chromosome breaks per 100/u chromosome length. 


, | | 
5 10 15 20 25 30 35 


X=rays ìin 1000 r 


Text Fig. 1. Histogram showing the number of chromosome breaks (exchanges + 
deletions) per unit chromosome length in 2x, 4x and 6x wheats and 2x and 
4x barley treated with different doses of X-rays. 


Fig. 1. Root tip cell of 2x wheat treated with 5000 r of X-rays showing reductional 
grouping at metaphase, one ring, one intercalary exchange, one dicentric fragment 
and two minutes. 

Fig. 2. Diploid wheat treated with 5000 r. Metaphase showing 2 dicentrics, one 
intercalary exchange and 3 acentric fragments. 

Fig. 3. Root tip squash of diploid wheat treated with 40,000 r. Metaphase showing 


one ring with interlocked chromatids. 
Fig. 4. Root tip squash of tetraploid wheat treated with 10,000 r of X-rays. A cell 


with 27 chromosomes. 


Fig. 5. Root tip cell of hexaploid wheat treated with fast neutrons for 6 hours 
showing extreme breakage. 


Fig. 6. Root tip cell of hexaploid wheat treated with fast neutrons for 5 hours 
showing chromatid and chromosome breaks. 


Fig. 7. Root tip cell of hexaploid wheat treated with fast neutrons for 6 hours 
showing pseudochiasmata. 


Fig. 8. Root tip cell of hexaploid wheat treated with 30,000 r of X-rays showing 
one intercalary exchange (double arrow) and one tricentric (arrow). 


br eh nn 


Fig. 9. Root tip squash of tetraploid barley treated with fast neutrons for 5 hours. 
Late prophase showing one ring. 

Fig. 10. Root tip squash of diploid barley treated with fast neutrons for 3 hours. 
Metaphase showing one dicentric and 12 normal chromosomes. 

Fig. 11. Root tip squash of diploid barley treated with 15,000 r of X-rays. Metaphase 
with a terminal deletion in one satellited chromosome (arrow) 


Fig. 12. A root tip cell of hexaploid wheat treated with 15,000 r of X-rays with a 
few chromosomes overcondensed and the rest at the prophase stage. 

Fig. 13. A root tip cell at metaphase in tetraploid wheat treated with 30,000 r 
showing 4 uncondensed chromosomes (arrow). 


Fig. 14, A root tip cell at metaphase in hexaploid wheat treated with 25,000 r 
with one uncondensed chromosome (arrow) 
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Figs. 15 to 18. Feulgen squashes of PMCs. Metaphase Ì 

Fig. 15. Tetraploid wheat treated with fast neutrons for 3 hours showing Srv + 
innn Zaat hr 

Fig. 16. Hexaploid wheat treated with 11,000 r X-rays. vr + 18m. 

Fig. 17. Tetraploid wheat treated with fast neutrons for 3 hours. lvr with an 
interlocked bivalent and 10 bivalents. 

Fig. 18. Hexaploid wheat treated with thermal neutrons with lv J- 17m. 


19 


E21 


Figures 19 to 22. Feulgen squashes of PMCs. Metaphase 


Fig. 19. Diploid barley treated with fast neutrons for 6 hours showing lrv + Orr. 
Fig. 20. Tetraploid barley treated with fast neutrons for 5 hours, with vir + 


Sv + árr. 

Fig. 21. PMC of tetraploid barley, control 4rv + rr. 
Fig. 21. PMC of tetraploid barley, control 4rv + Órr. 
Fig. 22. PMC of tetraploid barley, control 2rv + 1Orr. 
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of analysis all the three wheats had an identical number of chromo- 
somal aberrations per a unit length of chromosome. 

A common feature in the treated material was the occurrence of 
uncondensed chromosomes (Figs. 13, 14) in all the species of wheat. 
Occurrence of such uncondensed chromosomes was not found at 
lower dosages (5000 r to 15000 r). It could not be determined whether 
a particular pair of chromosomes behaved in this manner, but from 
some of the cells analysed it was found that the satellited chromosomes 
did not show any such non-synchronization in condensation. The num- 
ber of uncondensed chromosomes varied from one to four in a cell. 

In 6x wheat treated with 10,000r one cell showed the opposite 
phenomenon, that is over-condensation of 6 chromosomes while the 
rest of the chromosomes were at early prophase (Fig. 12). Several 
binucleate cells were recorded in 6x and 4x wheats but in the diploid 
no such cell was found. Micronuclei were found to occur in all the 
three species of wheat irradiated with X-rays. The number of micro- 
nuclei and the frequency of such cells increased with an increase in 
dosage and the maximum number of micronuclei observed was 8 in 
the case of 6x-and 4x wheat and 5 in 2x wheat. These micronuclei 
might have been formed by acentric fragments which were not in- 
cluded in either of the poles during anaphase. Polyploid and aneuploid 
cells occurred very rarely (Fig. 4). 

The percentage of double and multihit breaks is given in Table 4. 
Besides the ‘two hit’ aberrations which resulted in the formation of 
dicentrics, rings and intercalary exchanges (Fis. 1 to 3), other 
muitihit aberrations were also scored. Tricentrics (Fig. 8) and quadri- 
centrics were found to occur, though very rarely. It will be seen from 
Table 4 that the frequency of double and multihit aberrations also 
generally increased with an increase in dosage. 

(b) Barley: — The number of breaks per cell in diploid and tetraploid 
barley treated with X-rays found in fixations made immediately after 
germination is given in Table 5. From a survey of the data it will be 
evident that the number of breaks per cell increases with an increase 
in dosage at all intervals in both diploid and tetraploid barley. Another 
observation emerging from the data is the occurrence of double the 
number of breaks per cell in tetraploid barley at all stages of analysis. 
At higher dosages viz., 35,000 r and above, due to extreme stickiness 
and erosion in the cells, no critical data on chromosomal aberrations 
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TaBLe 4. Percentage of dicentvics and rings in diploid, tetraploid and 


hexaploid wheats treated with various dosages of X-rays. 
ei 


Diploid Tetraploid Hexaploid 
Dosage in Hrs. after Í Hrs. after Hrs. after 
1000 r germination germination germination 
0 24 48 ©) 24 48 0 24 48 
5 — — 0.01 0.01 — -— 0.02 | 0.03 — 
10 0.01 0.01 0:0671/0:0:02+| 0:05: [0:04 OOST LORO 1 D:07 
15) 007 le 0:06 0:06 0.03 al OOS Me 0:07 WG OSIO OLO 
20 0:14 OslS al OLO9 | OOS OMS MOO ZIN ON DS B OZON 
25 0:12 | 0:10 | 0:13 | 0.35 | OMOMI OMA 1042010: SOM MOES 
30 ONZEN OSZ OS 0.29 | 0.50 | 0.30 | 0.44 | 0.62 | 0.30 
35 0.46 | 0.29 | 0.20 | 0.40 | 0.50 | 0.23 — 0.57 | 0.42 
40 OSM OBS KO HD — 0.51 0.36 — — 0.20 
45 0.09 | 0-13 | 0.18 — — 0.09 — — 0.05 


TABLE 5. Mean number of chromosome breaks per cell 
immediately after gevmination in diploid and tetra- 
ploid barley ivvadiated with different dosages 


of X-rays. 
Dosage in Diploid Tetraploid, 

1000 r Mean + S.E. Mean + S.E. 
5 0.49 + 0.126 0.96 + 0.135 
10 0.52 + 0.129 1.00 + 0.136 
15 0.89 + 0.132 1.78 + 0.163 
20 1.23 + 0.125 2.35 + 0.128 
25 1.52 + 0.146 2.96 + 0.132 
30 1.83 + 0.151 3.31 + 0.153 
35 2.16 + 0.123 3.92 + 0.162 
40 2.00 + 0.265 3.76 +- 0.336 
45 2.65 + 0.312 3.77 + 0.324 
50 2.16 + 0.219 3.98 + 0.392 


could be collected and hence no strict comparison of the quantitative 
relationship between chromosomal radiosensitivity and polyploidy 
can be made. As in the wheat species, the most common aberrations 
found in the treated material were centric and acentric chromosomal 
fragments and minutes (Figures 9 to 11). Chromatid breaks were 
virtually absent. Breaks due to double hits, like dicentrics, rings, and 
intercalary exchanges were not as frequent as in the wheat series. 
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The data on aberration frequency in diploid and tetraploid barley 
was subjected to the standard normal deviate test and no significant 
difference was found when allowance is given for the presence of 
twice the number of chromosomes in the tetraploid in comparison with 
the diploid. Hence it may be concluded that diploid and tetraploid 
barley have identical sensitivity to various dosages of X-rays. The 
number of chromosome breaks per unit length (100 g) of chromosome 
is represented in Text Fig. 1. 


2. Fast neutrons. 

Dry dormant seeds of 2x, 4x and 6x wheats and 2x and 4x 
barley treated with three different dosages of fast neutrons (of high 
purity generated in a cascade generator) were included in the study. 
Cytological observations were made in material fixed at 3 different 
intervals viz., immediately, 24 and 48 hours after germination. 


Wheat. 

The number of chromosomal breaks per cell in 2x, 4x and 6x 
wheats treated with different dosages of fast neutrons is given in 
Tabel 6. The number of breaks per cell increased with the increase in 
dosage. The highest frequency of breaks per cell occurred in 6x wheat 


Tare 6. Mean number of chromosome breaks per cell (+ S.E.) in diploid, tetraploid 
and hexaploid wheats treated with different dosages of fast neutrons. 


Diploid Tetraploid Hexaploid 
Hrs. after germination Hrs. after germination Hrs. after germination 
ZONEN: A ELN BE 0” gilovhdna, |o— 43 
1.14+.016 1.06-+.02311.03-+.161 2.00+.031|1.89.018|1.83+-.106| 4.25 4.039[4. 19 +.065/3.89 4.280 
2.46 4.093|2.09 +.138|1.91 +.128|3.43+.163|2.96 +.106/2.324.126 7.26+.016/6.43 4.12114.524.193 
3.27 +.201 — — 5.23 +.12813.16-.079|2.99 +.083|10.32.099 7.26 +.020/4.65 4.078 


followed by 4x and 2x wheats. This observation was consistent at 
all stages of analysis. At later stages of analysis i.e. 24- and 48-hours 
after germination, the number of breaks per cell was reduced, showing 
recovery. Since the chromosome lengths in the 3 wheat species varied, 
the mean number of chromosomal breaks per cell was reduced to 
100 g length of chromosome and the data are given in Text Fig. 2, 
From the data it will be seen that in 6x wheat the chromosomal 
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Fast neutrons (1x109/Sq ,cm./ Sec.) 
Immediate 24 hr. 48 hr. 


Text Fig. 2. Histograms howingthe number of chromosome breaks per unit chro- 
mosome length in 2x, 4x and 6x wheats and 2x and 4x barley treated with 
three different doses of Fast neutrons (data from material fixed immediately 


after germination as well as from those fixed 24 and 48 hours after germination 
are given). 


breaks per unit length of chromosome differed from 2x and 4x 
wheats. Since the number of observations are sufficiently large in 
each of the cases, the average number of aberrations in the three 
species of wheat treated with 3 different dosages of fast neutrons have 
been compared by the standard normal deviate test. In all the three 
dosages there was no difference between diploid and tetraploid where- 
as hexaploid wheat differed significantly from the diploid and tetra- 
ploid. However, the standard normal deviate value in these cases 
was of the order of 2 (Table 7) and, therefore, the data can only be 
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TABLE 7. Standard normal deviate values of diploid, 
tetraploid and hexaploid wheats treated with 3 
dosages of fast neutrons 


jn 


3 hours | 5 hours 6 hours 
Diploid- 
Tetraploid [0:32 WP 0.43 0.13 
Diploid- 
Hexaploid 2:60 2.10 2.04 
Tetraploid- 
Hexaploid |_2.00 2.27 2.05 


considered as providing an indication that hexaploid wheat differs 
from the other two wheats. In order to subject the data to a mor? 
rigorous statistical analysis a suitable transformation V(x +4) was 
applied. The results of the analysis are shown in Table 8. It can be 
seen that there is a difference between tetraploid and diploid on the 


TABLE S8. Mean and its standard error (ror tansformed data) in diploid, tetra- 
ploid and hexaploid wheats tveated with three different dosages of fast neutvons. 


T. monococcum T. dicoccum T. aestivum 
Dosage 
Mean SE: Mean S:E: Mean SE, 
0.1561 0.1826 0.3881 
3 hours 1.0033 1.0108 1.1421 —_—_ 
100 Zl 98 
0.3563 0.3563 0.3563 
5 hours 1.2394 1.0966 1.4207 
100 100 fs 
0.6167 /0.6167 0.6167 
6 hours 1.3596 1.3192 y 1.6336 —_— 
100 100 65 


one hand and hexaploid on the other at higher dosages viz., 5- and 
6-hours treatments. In 3 hours, the variability was quite high and 
there was no significant difference between the values, though the 
same trend can be observed. There is thus a definite indication from 
the above results that the hexaploid differs from diploid and tetra- 
ploid in chromosomal radiosensitivity. It will no doubt be desirable 
to extend the experiments to include more dosages and also other 
polyploid groups. 

One cell in hexaploid wheat treated with fast neutrons for 6 hours 
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showed an uncondensed chromosome and in another cell a triradial 
chromosome was observed. Besides, some cells in 6x wheat showed 
extreme breakage (Fig. 5), erosion and pseudochiasmata (Fig. 7). 
Unlike X-rays, fast neutrons gave rise to chromatid breaks (Fig. 6) 
occasionally. Dicentrics and rings were observed in some cases. 
Aneuploid and euploid cells occurred very rarely. At higher dosages, 
the number of cells entering into division was reduced. The mitotic 
index could not be taken, in the squash material. In six hours treat- 
ment with fast neutrons the growth of diploid wheat was inhibited 
after initial germination and hence chromosomal aberrations could 
not be scored at later stages of analysis. 


Barley. 

Data on the number of breaks per cell in diploid and tetraploid 
barley treated with different dosages of fast neutrons are presented 
in Table 9. Here also, as in the wheat series, the number of breaks 
per cell increased with an increase in dosage. But the number of chro- 


TABLE 9. Mean number of chromosome breaks per cell in diploid and 
tetvaploid bavlev treated with different dosages of fast neutrvons. 


Diploid Tetraploid 
Dosage Hrs. after germination Hrs. after germination 
o | 2x | 4 od, zerken 
3 hours 1.29: .163| 0.89 +.069/-0.86+.092 279.136) 1.84--.129| 1.734.365 
5 hours | 1.724.091] 1.3941.38| 1.16--.165| 2.98-+.126! 2.714.290! 2.194.163 
6 hours | 1.964.165] 1.614.138] 1.324.188 3.764.232) 3.26-+.216| 2.83-+.310 


mosomal breaks in tetraploid barley was almost double of that found 
in the diploid (see also Text Fig. 3). Statistical analysis revealed that 
there is no significant difference in the radiosensitivity of diploid and 
tetraploid barley, when allowance is given for the number of chromo- 
somes. The number of breaks per cell decreased at later stages of 
analysis (Table 9). This decrease in the number of breaks per cell at 
later intervals is probably the result of intra-somatic selection. 
Dicentrics, rings or other multihit breaks were found very rarely. 
One cell in diploid barley treated with fast neutrons for 6 hours 
showed an uncondensed chromosome. Micronuclei were observed at 
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all intervals and at all dosages. Aneuploid and binucleate cells oc- 
curred very rarely. At higher dosages, the chromosomes presented an 
eroded appearance. 


b. Meiosis 
1. Fast neutrons. 


Wheat. 

A detailed study of meiosis in microsporocytes was made in tetra- 
ploid and hexaploid wheats treated with three different dosages of 
fast neutrons (Mij generation). Observations were confined to meta- 
phase 1 and chiasma frequency and multivalent configurations were 
scored, from anthers of tetraploid and hexaploid wheats fixed at the 
same time. 

Chiasma frequencies in pollen mother cells of 7. aestivum (var. C. 
591) and T. dicocceum (var. Khapli) treated with various dosages of 
fast neutrons are given in Table 10 and 11. It will be seen from Table 
10 that in 6x wheat the number of chiasmata per cell and chiasmata 


TABLE 10. Chiasma frequency in PMCs of T. aestivwm (var. C. 591) treated 
with various dosages of fast neutvons. 


Noot No. of II with No. of IV with SE X-ta 
Treatment | cells Sed | Ee per per 
studied | 4 | 4} | 7) | 1 Ó | 5 | 4 | 3 | cell {bivalent 
Control 48 | 64 | soel373l 65 | — | — | BEN S48 | 2,56 
3 hours 52 59 |496| 425| 64 2 | ae 12 Ja5298 25) 
5 hours 47 29 '438| 428 | 32 | — 4 | 21 5 | 51.85 2.50 
6 hours 41 26 | 403: F323 [PAST SS | 10 [| 20 Dl SN) 2D 


per bivalent were nearly the same as in the control. In the case of 
Ax wheat, a slight but not significant increase in the chiasma fre- 
quency occurred with an increase in dosage. In general, it appears 
from the data that chiasma frequency was unaffected by the dosages 
given. 

The only type of chromosomal aberration that persisted up to meio- 
sis was reciprocal interchange and all the analyzed cells contained 
full chromosome complements. Minute deficiencies, if any could not 
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TABLE 11. Chiasma frequency in PMCs of T. dicoceum (var. Khapli) 
tweated with various dosages of fast neutrons. 


SNN 


No. of No. of Kid Ee 

Noel Nemotsladk Ate etn ik aen ET 
IV with ‚| Vi wit jeste) 

Treat- | cells | with X-ta | with with per Pp 
ment | stud- X-ta X-ta X-ta X-ta biva- 

\ecell 
ied. lent 
lie 2 Sur4 2 3/4) 5/6 5 Bil 6l Zijke 

Control) 54 |44/236/436/40 36.74} 2.62 
Shours| 45 |28/163/333/48 2 SU 202 l 1} 2} 1} 1} 36.80f 2.70 
5hours| 55 |48/185/37282/ — (1533/1412 — 1 2}—|—| 39.85) 2.71 
6hours| 35 |16/127/201/76| — 1/20[11| 3) — [—{—|—|—|38.08| 2.80 


be detected. The fact that no cell with a deficient chromosome com- 
plement persisted into meiosis suggests that the cells which showed 
aneuploid chromosome numbers and heavy chromosome breakage 
at early stages of life cycle have been eliminated during the later 
development of the plant. 

In control plants no configurations other than bivalents were found. 
In the treated material, quadrivalents occurred, the number of which 
increased with dosage (Table 12). 

In the material treated with fast neutrons for 3 hours no cell had 


TABLE 12. Types of configurations and mean number of quadvivalents per cell in 
hexaploid wheat, control and treated with various dosages of fast neutrons. 


Ne ef Quadrivalents Bivalents 
Material cells Mean per Mean per 
studied kt. cell Kan cell 
Control 48 — — 21 21 
3 hours De Ol 0.46 19-21 20.08 
5 hours 47 0-2 0.64 17-21 19.72 
6 hours 41 0-2 0.78 17-21 19.44 


more than one quadrivalent while in the material treated for 5 hours 
one cell had 2rv + 171. In the 6 hour treatment the number of cells 
showing 2 quadrivalents in a cell increased. 

In 4x wheat, multivalent configurations were observed as listed 
in Table 13. In the treated material higher configurations were met 
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TABLE 13. Types of configurations and number of multivalents per cell in 
T. dicoccum (var. Khapli) treated with different dosages of fast neutrons. 


No. of | Hexavalent | Pentavalent | Quadrivalent | Trivalent Bivalent 
atment cells = T k 

studied |Range | Mean |Range Mean |{Range | Mean |Range | Mean |Range | Mean 
ontrol | 54 | | 14 14 
hours 46 Ol OONK OO 2m Od 0.50 | 0-2 | 0.06 | 2-14| 12.52 
hours 26e ie 0-2 ee 0.05 0-3 | 0.714) — — 8-14{ 12.41 
hours 35 0-2 1.00 — — 10-14 | 12.00 


aarden. laf 


with, but the chromosome number was 2n — 28 in all the cells. The 
frequency of occurrence of multivalents increased with the dosage. 

Cells showing 2 quadrivalents were not found in the material 
treated for 3 hours while in 5- and 6-hours treatments, they were 
found to occur. In the material treated for 6 hours, no multivalent 
configuration other than quadrivalent was found. In 5 hours fast neu- 
tron treatment 3 cells showed hexavalents while in the material 
treated for 3 hours, trivalent, pentavalent and hexavalent types were 
observed. 

One cell in the 3 hour treatment, showed a hexavalent interlocked 
with a bivalent (Fig. 17) and in the 5 hour treatment one cell contained 


3iv + Sr. 


Barley. 
A detailed meiotic study was made in pollen mother cells of 2X 


and 4x barley treated with 3 dosages of fast neutrons. Chiasma fre- 
quencies of control and irradiated material are given in Tables 14 and 
15. There was no significant increase or decrease in both 2x and 4x 


TABEL 14. Chiasma frequency in PMCs of diploid barley (var. N.P. 13) 
treated with different dosages of fast neutvons. 


Sas | No: of II with |_No.ofIV | sta | x-ta 
Treatment cells | mirtn ih gede per per 
studied 5 5 d 4 cell bivalent 
Control 50 EaZalp20en 10 — 16.44 2.34 
3 hours 52 127 | 224 | 14 — 16.15 2.30 
5 hours 46 119 | 195 8 — 16. 4 2.34 
6 hours 65 zE Shred S6R Ze 2 15,5 2.12 
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TaBrr 15. Chiasma frequency in PMCs of tetraploid barley (var. N.P. 13) 
tveated with different dosages of fast neutvons. 


nn 


E No. of II No. of IV 
De with X-ta with X-ta | X-taper | X-ta per 
Treatment cells sai | bwalsat 
studied alsa) 1 e|sl4|3 
Control 44 23 |179/228/ 38 | 5| 11} 47| 10 32.4 2.4 
3 hours 49 20 N86 LES Te O1 25 278 325 2% 
5 hours 60 33 [235/350| 48 | 19 | 27 | 26| 13 32.9 RCA 
6 hours 58 28125013361 46| LZ 13 17 8 EIER 2.39 


TABLE 16. Types of configurations and their mean number per cell in autetraploid 
bavley, control and treated with various dosages of fast neutrons. 


mn 
| Frequency per cell 


No. 
Treatment of cells VIII IV | HI m ï 
studied \RangelMean|RangelMean\Range|Mean/Range/Mean/Range|Mean 
Control dt — — | 0-5 [1.65 | O-1 |0.02| 2-14 |10.66| O-1l [0.02 
3 hours 49 — — | 04 [140| — — [4-14 11.20 — — 
9 hours 60 O-1 |O.Ol| O4 [143/| — — [6-14 |11.10| — — 
6 hours 58 O-1 [0.03| 0-3 |1.25| — — [4-14 11.38) — — 


The frequency of chiasmata per cell in the tetraploid was just double 
of that in diploid barley. 

None of the cells analysed showed any deviation from the normal 
chromosome number of 2n — 14 in diploid and 2n — 28 in tetraploid 
barley. In diploid barley, the only multivalent configurations met 
with were two quadrivalents in the material treated with fast neutrons 
for 6 hours (Fig. 19). The various types of configurations observed 
in tetraploid barley, control and treated, are given in Table 16. Con- 
trol tetraploid barley showed a high frequency of quadrivalents. The 
percentage of cells with 14rr was 18.1 in control and 24.5, 18.3 and 
24.1 in the material treated with fast neutrons for 3, 5 and 6 hours 
respectively. In control upto 5 quadrivalents occurred in a cell whereas 
in the treated material at all dosages, a maximum of only 4 quadriva- 
lents was observed. However, in control no configuration higher than 
quadrivalents was recorded while fast neutron treatments (5 and 6 
hours) resulted in the formation of octavalents (Fig. 20). When the 
number of multivalents per cell was calculated in control and treated 
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material, a slight reduction in the multivalent frequency was ob- 
served in the treated material. The number of multivalents per cell 
in control was 1.68 and the fast neutron treatment for 3,5 and 6 
hours reduced the value to 1.40, 1.43 and 1.29 respectively. The data 
were subjected to a ‘t’ test and it was found that there was a statisti- 
cally significant reduction in the 6 hour treatment when compared 
to the control. However, in the 3 and 5 hour treatments, there was 
no significant difference in the multivalent frequency as compared 
to the control. 

Effect of thermal neutrons and X-rays on meiosis in 7. dicoccum 
and 7. aestivum. 

Meiosis was studied in PMCs of plants grown from seeds irradiated 
with thermal neutrons and X-rays. The effect of thermal neutron 
irradiation was studied in 7. dicoccum (var. Khapli) and 7. aestivum 
(var. C 591) and in the case of X-rays only 7. aestivum was taken. 
T. monococcum failed to germinate under field conditions and hence 
no meiotic study could be made. Observations were confined to Meta- 
phase 1. Study of the chiasma frequency in control and irradiated 
4x and 6x wheats showed that the chiasma frequency per cell and 
per bivalent were nearly the same in the irradiated plants as in the 
respective controls. 

Control 4x and 6x wheats did not show any configuration other 
than bivalents and none of the cells analysed showed a deviation from 
the normal chromosome number (2n — 28 in T. dicoccum; and 2n —= 42 
in T. aestivum). Multivalent configurations were recorded in the 
treated material and the frequency of different types of multivalents 
per cell is presented in Table 17. From this Table, it will be seen that 
configurations like hexavalent, quadrivalent and trivalent occurred 
in tetraploid wheat while in the hexaploid, besides the above types, 
octavalents also occurred. The mean number of multivalents per cell 
in tetraploid and hexaploid wheats treated with thermal neutrons 
was 0.72 and 1.12 respectively. In the X-ray treated hexaploid wheat 
the number of multivalents per cell was 0.57. It is further clear from 
Table 17 that among the different multivalent types, quadrivalents 
were the most frequent both in 4x and 6x wheats. 

In thermal neutron treatment, 4x wheat showed a maximum of 
2 quadrivalents in a cell while in hexaploid the highest number 


recorded was 3. 
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TABLE 17. Frequency of different types of multivalents per cell in ivvadiated 
material of T. dicoccum and T. aestivum 


nmmr 


Frequency per cell of 


No. of 
Material | cells VIII VI IV III II 

en RangelMeanj Range Meanl Range Mean|Range|Mean|Range/Mean)RangejMe 
T. dicoccum 
Control 46 — — — 14 14 — 4 
Thermal 
neutrons 55 — — O=l [0.05 | 0-2 0.63 | O1 [0.03 | 10-14/12.49| Ol | Ol 
T. aestivum 
Control 52 — — — En — -- — — 21 21 — — 
Thermal- 
neutrons 50 O=l 10:06 | O=1 0.02} 0-3 | 1.02 | Ol 0.02 15-21/18.62} Ol GK 
X-rays 43, [vOSlee 0:02, SOS 00.04 O2 ON — | 17-21/19.74| — — 


Three cells in thermal neutron and one cell in X-ray treated 6X 
wheat showed an octavalent (Fig. 18). 


Metosis in “grass clump”’ plants. 

In 7. aestivum treated with fast neutrons for 6 hours, 2 grass clumps 
occurred in M; generation. The leaves were typically xerophytic and 
deep green in colour and the palnts were stunted in growth. A few 
tillers came out of these plants late in the season and meiosis was 
studied in one tiller. It was found that the chromosome number 
varied from 42 to 45 with a majority of the cells in the class 2n — 43. 
Only 3 out of 36 cells analysed showed the normal 21 and all other 
cells showed abnormalities like presence of a univalent besides 21 
or quadrivalent and pentavalent formation. The frequency per cell of 
the various configurations is given below. 


EE EEE TS en 
Frequency per cell of 


Vv IV jat Ï 
Range Mean Range Mean Range Mean Range Mean 


0-1 0.08 0-1 0.44 19-22 20:05 0-1 0.66 


The number of cells showing 2n — 42, 43, 44 and 45 was 6, 26, 3 and 
L respectively. The occurrence of such chromosome mosaic cells is 
apparently due to irregularities during pre-meiotic mitosis. 
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B. Cytochemical studies in irradiated material. 


a. Deoxyribose nucleid acid (DNA) content in cells 
of diploid, tetraploid and hexaploid wheats. 


DNA content in the root tip nuclei stained with basic fuchsin was 
measured in 2x, 4x and 6x wheats. The DNA measurements of 
resting and dividing nuclei were taken and are given in Table 18. 
The measurements of dividing nuclei include late interphase, prophase, 
metaphase, anaphase and telophase stages. From Table 18 it is 
seen that the DNA content in the resting nuclei, as is to be expected, 
is more or less half the value found in dividing cells. Besides, certain 
values intermediate between those of resting and dividing nuclei 
were also recorded, which are presumably of the interphase nuclei 
at various stages. In some resting nuclei from differentiated regions, 
polyploid values were recorded, the frequency of such cells, however, 
being very low. In general, the readings of the resting and dividing 
nuclei could be classified into two clear cut classes. When DNA 
measurements of the individual poles at anaphase and telophase were 
taken, they corresponded to the values of the resting nuclei, thus 
showing an equal distribution of DNA to the two poles. 

In order to ascertain the relationship between the chromosome 
length of a complement and DNA content, measurements of chromo- 
some length of 2x, 4x and 6x wheats were taken. The total lengths 
of the chromosome complements of diploid, tetraploid and hexaploid 


TABLE 18. DNA content in arbitrary umits in voot tip cells of diploïd, tetvaploid 
and hexaploid W heats. 


DNA content in arbitrary units + SE: 


5 Resting nucleus Dividing nucleus 
sen No. of No. of 
measure- Range | Mean +S.E. | measure- Range Mean +S.E. 
ments. ments. 
monococcum 106 2.75-3.97 3.414.025 89 6.16 7.37 | 6.684.053 
(2x) 
dicoccum (4x) 173 4.25-5.09 4,75.044 78 9.11-10.51 9.744.068 
aestivum (6x) 165 5.99-6.85 6.57J-.140 133 11.60-14.56 | 12.89.163 


ei 
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wheats were 172, 282 and 353 p respectively or the ratio is 1: 1.6: 2.0. 
The DNA ratio of diploid, tetraploid and hexaploid wheats is 1:1.45: 
1.92 which fairly approximates to the total chromatin length of the 
respective wheats. This close relationship between the total chromatin 
length and the DNA content shows that the DNA content per unit 
length of chromosome in wheats is constant. The DNA value does 
not increase in the same order as the number of chromosomes, but 
only with the chromatin length. This finding also suggests that the 
metaphase chromosome length can be used for calculating the total 
chromosome length of the complement, i.e., no differential conden- 
sation is apparently involved in the different material. 


b. Effect of mutagens on DNA content in wheat. 


1. X-rays. 

Experiments were conducted to ascertain the effect of X-rays on 
the synthesis of DNA in diploid, tetraploid and hexaploid wheats. 
Dry seeds were treated with 11000 r and germinated in petri dishes. 
DNA measurements were taken on individual root tip nuclei stained 
with basic fuchsin, at 3 different intervals i.e., 24, 48, and 96 hours 
after germination. Nuclei were selected at random and two prepara- 
rations were used for each interval.The DNA content was measured 
in the resting and dividing nuclei and in the latter category readings 


TABLE 19. DNA content in the voot tip nuclei of T. monococcum, T. diccocum and 
T. aestivum irvadiated with X-rays (11000 r) 


mmm 


Grape of DNA content 
analysis. > ividi B 
Material Hes alter Berting andang ideen 
germina- No. of No. of 
tion. measure- Range Mean +S.E. | measure- | Range a Mean + 
ments ments. | 
T. monococcum 24 25 1.80-3.92 | 3.070.387 39 5.65 7.54 | 6.06-Eí 
48 43 1.16-3.90 | 3.130.564 58 5.45-—7.50 6.23 H/ 
96 68 1.89-3.97 | 3.28+0.612 21 8.92 7.35 | 6:38 
T, dicoccum 24 32 3.25-4.75 | 4.110.099 28 7.13 8.69 | 8.06-A 
48 38 3.65-5.01 | 4.280.121 43 7.92-9.01 8.54 
96 43 3.65-5.23 | 4.5Î4-0.225 ad 7.86-11.21 9,128 
T. aestivum 24 28 4.37-6.65 | 5.5040.148 37 11.14-15.06 | 10.35 + 
48 36 4,32-6.70 | 5.660.206 32 9.56-11.01 | 11.09 + 
96 47 4,67-6.94 | 6.040.233 36 10.36-14.98 [| 12.024 
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on prophase, metaphase, anaphase and telophase stages were all 
pooled together for convenience. DNA content in the root tip nuclei 
of 2x, 4x and 6x wheats treated with X-rays are given in Table 
19. DNA content was affected in all cases both in resting and dividing 
nuclei. But there appears to be a gradual recovery in DNA synthesis 
with the lapse of time. The DNA content at the dividing stages was 
affected more or less to the same extent as at the resting stage in 
all the three wheats. From Table 20 it is seen that the percentage 
reduction at the resting and dividing stages is approximately alike. 
Thus, it seems likely that no significant selection occurred at the 
resting stage with reference to cells proceeding to mitosis. 


TABLE 20. Percentage reduction in DNA content in the vesting and the dividing 
nuclei of diploid, tetraploid and hexaploid wheats treated with X-vays (11,000 r). 


Stage of ana- Percentage reduction 
Material lysis. Hrs. after 
germination Resting nucleus Dividing nucleus 
Diploid 24 10.0 9.3 
48 8.2 6.7 
96 3.8 4,5 
Tetraploid 24 13.5 17.8 
48 OE 12.3 
96 5.0 6.4 
Hexaploid 24 16.3 19.7 
48 13.9 13.9 
96 8.1 6.8 


The data also show that the inhibition in DNA synthesis increased 
with polyploidy. Diploid wheat showed the least reduction in DNA 
at all stages of analysis. Hexaploid wheat showed the maximum 
reduction and the tetraploid was intermediate between the diploid 
and hexaploid. This trend was maintained at the dividing stages also. 

Besides the DNA values given in Table 19, some nuclei gave inter- 
mediate readings between the resting and dividing nuclei. Before 
the resting nucleus enters into division, synthesis of DNA takes place 
and presumably these intermediate readings represent the various 
stages of interphase. These readings could not be classified because 
of the difficulty in determining the exact stages of interphase. Certain 
other nuclei, particularly in 4x and 6x wheats, showed a much higher 
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DNA content (8c to 10c DNA values) than the 4x value. This higher 
DNA content could be due to endopolyploidisation of the nuclei in 
the differentiated root region. Such high values were never obtained 


in the dividing nuclei. 


2. Thermal neutrons. 

The effect of irradiation with thermal neutrons on the synthesis 
of DNA in root tip nuclei of diploid, tetraploid and hexaploid wheats 
was studied. The data given in Table 21 show that there was a great 
reduction in the synthesis of DNA in all the 3 species of wheat. This 
reduction was found at all stages of analysis, but at later stages there 
was a tendency for recovery, though even at 96 hours of germination 
the DNA content did not approach normalcy. From the percentage 
reduction of DNA given in Table 22 it will be seen that the maximum 


TaBLE 21. DNA content in the voot nuclei of diplotd and hexaploid wheats treated 
with thermal neutvons. 


DNA content in arbitrary units 
Stage of Resting nucleus Dividing nucleus 
Material analysis 
Hrs. No. of No. of | 
nuclei Range Mean +S.E. nuclei Range | Mean- 
measured measured 

Diploid 24 26 1.65-3.45 | 2.860.094 22 3.79-5.87 5.194 
48 31 1.61-3.49 | 2.900.076 18 4.53 6.28 5.434 

96 24 2.01-3.68 | 3.10+0.019 20 4.59 7.08 5.873 

Tetraploid 24 28 3.01-4.76 | 3.640.042 26 6.58— 8.32 7.104 
48 20 3.06-4.81 | 3.850.040 21 6.68-8.32 7.564 

96 20 2.97-5.23 | 4.2740.051 32 6.32- 9.34 8.374 

Hexaploid 24 32 3.68-6.21 | 5.130.125 26 6.78-11.21 8.55 + 
48 36 4.12-6.25 | 5.380.180 32 8.08-11.98 9.464 

96 25 1 4,08-6.75 | 5.69 +0.083 31 8.65-12.86 | 10.394 


inhibition in DNA synthesis occurred in 6x wheat, followed by 4x 
and 2x wheats. At 24 hours after germination there was no appreci- 
able difference between the tetraploid and hexaploid, while the diploid 
was less affected. However, at later stages of analysis, tetraploid 
wheat showed a recovery slightly better than hexaploid. 

The percentage reduction of DNA content in dividing nuclei, which 
comprise of late interphase, prophase, metaphase, anaphase and 
telophase, given in Table 22 also shows that the greatest inhibition 


EE WA 
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TABLE 22. Percentage veduction in DNA content in diploid, tetraploid and 


hexaploid wheats treated with thermal neutrons. 


| Stage of analysis. 
Material Hours after Resting nucleus Dividing nucleus 
germination. 
Diploid 24 16.1 22.3 
48 15.0 17.8 
96 gel 12.1 
Tetraploid 24 23.4 27.1 
48 19.0 22.4 
6 10.1 14.1 
Hexaploid 24 25.0 33.6 
48 20.0 26.6 
96 13.4 19.4 


occurred in the hexaploid. The sensitivity to radiation increased with 
the ploidy status. This was maintained at all stages of analysis. 

Besides the two classes of DNA content (resting and dividing 
nuclei) presented here, some readings of the resting nuclei obtained 
showed intermediate values. These nuclei were presumably at various 
stages of interphase, the stage at which the duplication of DNA takes 
place. The DNA synthesis is completed at the late interphase stage 
and these values were pooled under ‘dividing nuclei’. 


3. Ultraviolet and infra-red rays. 
The DNA content of resting and dividing nuclei measured in 6x 


wheat irradiated with ultraviolet and infra-red rays are given in 


TABLE 23. DNA content in arbitrary units in the voot tip muclei of T. aestivum 


mn 


ivvadiated with Ultra-violet and injra-ved vays. 


DNA content in 


ga 


Stage of 
, analysis Resting nucleus Dividing nucleus 
futagen piel LET RE f ie ef 
ie | measure- Range Mean +S.E. | measure- Range Mean +S.E. 
ments ments 
ra-violet 24 5e, 6.01-7.12 | 6.610.163 | ai | 11.01-14.34 | 12.9640.137 
ays. 48 48 5.87-6.89 | 6.53 40.084 25 11.23-13.89 | 12.824-0.067 
Et 96 62 5.91-7.02 | 6.560.098 21 10.91-15.32 | 12.93 40.265 
ra-red rays. 24 36 | 5.56-6.86 | 6.380.099 47 11.02-13.57 | 12.6540.139 
5 48 48 5.86-7.21 | 6.580.135 28 10.98-14.65 | 12.7240.161 
96 45 [6 10-7.08 | 6.370.163 33 11.32-14.68 | 12.96 40.098 
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Table 23. From the data it will be seen that the DNA content in the 
irradiated material was not affected to any significant extent as 
compared to the control. Even the range in DNA values was the same 
in treated and control material. 


4. Ultraviolet and X-rays (combined treatment). 

The effect of pre-treatment with ultraviolet on X-ray induced 
changes in the DNA synthesis was studied in root tip nuclei of 7. 
aestivum. The seeds were irradiated with ultraviolet rays for 60 mi- 
nutes followed by X-rays (11000 r) and data on DNA content were 
collected as in other experiments. From the DNA content of resting 
and dividing nuclei of T. aestivwm treated with ultraviolet and X-rays, 
given in Table 24, it will be seen that DNA synthesis was adversely 
affected due to UV + X-ray irradiation. While in the control the 
mean DNA content in resting nuclei was 6.57 units, the mean content 


TABLE 24. DNA content of vesting and dividing nuclei of T. aestivum treated with 
ultraviolet and X-rays. 


Resting nuclei Dividing nuclei 
Stage of analysis No. of No. of 
measure- | Range | Mean +S.E. | measure- Range Mean +S.Ì 
ments ments 
24 hours after germi- 42 3.76-7.16| 5.260.184 36 8.13-13.26 | 10.13 40.4: 
nation 
GAen » 5 36 3.97-7.08 | 5.430.365 32 8.97-13.56 | 10.39 +0.2 
Cr 5 5 54 4.017.138 | 5.78+0.076 46 8.76-14.16 | 11.49 40.4 


of DNA dropped to 5.26, 5.43 and 5.78 units in the treated material 
at 24, 48 and 96 hours after germination respectively. The mean DNA 
value in the dividing nucleus of control plants was 12.89 units while 
those of the treated material registered 10.13, 10.39 and 11.49 units 
at the three stages of analysis respectively. The range in the DNA 
values in the control was 5.99-6.85 and 11.60-14.56 for resting and 
dividing nuclei respectively. The respective ranges for nuclei from the ' 
treated material were 3.76-7.13 and 8.13-14.16. Thus it is seen that 
some nuclei showed much lower values than the control nuclei while ( 
a few had a little higher DNA content. This enlarged range of DNA 
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content would suggest the occurrence of irregularities in the mitotic 
division such as chromosome deficiencies and duplications. 


5. Infra-red + X-rays. 

For the study of the combined effect of infra-red and X-rays, dry 
seeds of 7. aestivum were treated with infra-red rays for l hour at a 
distance of 10cm. from the source. The seeds were then irradiated 
with X-rays (11000 r) and germinated in petridishes. The root tip 
nuclei showed an inhibition in the DNA synthesis as is evident from 
Table 25. There was a tendency for recovery at later stages of analysis. 
This will be clear from a perusal of Table 26 which gives the percen- 
tage reduction of DNA synthesis on the basis of the DNA content in 


TABLE 25. DNA content in arbitrary units in the voot tip nuclei of T. aestivum 
treated with UV + X-rays. 


DNA content of 
Stage of Resting nucleus Dividing nucleus 
analysis 5 
No.of | No. of 
Mean + S.E. | Mean + SE. 
measurements | measurements | 
24 hours 26 5.13 + 0.206 23 | 10.23 + 0.256 
48 hours 62 5.69 + 0.536 39 | 10.36 + 0.363 
96 hours 20 5.55 + 0.363 43 | 11.24 + 0.076 


TABLE 26. Percentage veduction in DNA content at 
vesting and dividing stages in T. aestivum. 


EC 
o/, reduction in DNA 


Stage of 

analysis Resting nucleus Dividing nucleus 
24 hours 21.92 20.64 

48 hours 13.42 19.63 

96 hours | 15.38 12.81 


control. The percentage reduction in the dividing nuclei, which com- 
prise stages from late interphase to telophase was more or less similar 
to that found in resting nuclei. Several cells showed micronuclei 
formation, apparently due to chromosomal aberrations. Consequently 
during anaphase, an uneven distribution of chromatin material would 
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result and those nuclei which did not contain a certain minimum 
amount of DNA may fail to divide further. 

Besides the data given here, some nuclei which were at various 
stages of interphase gave intermediate values between the resting 
and dividing nuclei and these could not be classified into definite 
classes because of the difficulty encountered in assessing the exact 
phase of the interphase stage of the nucleus. 


C. DNA content in drploid and autotetraplotd barley. 


The mean DNA content per nucleus in arbitrary units of 2x and 
Ax barley, together with the range in readings and the number of 
nuclei measured, are given in Table 27. The DNA contents in the 
resting nucleus of both diploid and tetraploid were half as much as 


TABLE 27. DNA content in arbitrary units in the voot tip nuclei of diploid and 
autotetraploid barley 


Resting nucleus Dividing nucleus 
Material No. of No. of 
measurec- Range Mean +S.E. | measurc- Range Mean -+-S.E 
re ments ments 
Diploid 120 4.18— 6.23 5.06+0.198 vI2 8.96-13.65 | 10.41 +0.06 
Tetraploid 156 8.62-12.65 | 10.28+0.123 125 16.48-22.68 | 20.18 +0. IC 


in the respective dividing nuclei. The DNA contents in the nuclei 
of tetraploid barley showed almost double the value as in diploid 
both at the resting and dividing stages. The chromosome number of 
diploid barley is 2n — 14 and of tetraploid is 2n — 28 and the res- 
spective chromatin lengths are 93.75 gy and 187.54. Thus, the DNA 
contents are in agreement with the values expected on the basis of 
chromosome number and total chromatin length. 


D. Effect of mutagens on DNA content in 2x and 4x barley 


L. X-rays. 
DNA contents in arbitrary units of the root tip nuclei of diploid 


P md 
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and autotetraploid barley irradiated with X-rays are given in Table 
28 and the percentage reduction in DNA synthesis at various stages 
of analysis is summarised in Table 29. From a survey of the data, it 
will be seen that the DNA synthesis was inhibited in the irradiated 


TABLE 28. DNA content in the voot tip nuclei of diploid and tetraploid barley 
ivradiated with 11,000 r X- rays. 


Dn nnnttnnnd 


Resting nucleus Dividing nucleus 
terial id ze No. of No. of 
analysis | measure- Range Mean +S.E. | measure- Range Mean +S.E. 
ments ments 
loid 24 hours 68 | 2,89- 5.65 | 4.450.065 46 6.36-11.65 | 8.990.106 
48 hours | 52 3.18— 5.68 | 4.670.044 56 7.06-12.16 | 9.200.122 
96 hours gi 3.14- 5.98 | 4.750.062 53 6.98-12.58 | 9.650.194 
aploid 24 hours | 96 6.65-11.73 | 8.76+0.135 48 | 12.65-18.93 | 16.17 40.063 
48 hours 39 | 77.14-12.08 | 9.340.065 52 13.82-21.11 | 17.43 40.069 
| 96 hours 61 7.76-12.12 | 9.76+0.120 76 13.96-21.63 | 18.53 40.141 


TABLE 29. Percentage veduction in DNA content in the voot tip nuclei of diploid 
and autotetraploid barley following irradiation with 11,000 r X- rays. 


zee 


Material Stage of analysis Resting nucleus Dividing nucleus 
Diploid 24 hours LO 13.65 
48 hours 7.64 11.63 
96 hours 4.21 | 7.34 
Tetraploid 24 hours 13.85 19.86 
48 hours 9.12 13.65 
96 hours 5.05 8.17 


material at all stages of analysis, both in the resting and dividing 
nuclei. The mean DNA values in control diploid and tetraploid resting 
nuclei are 5.06 + 0.198 and 10.28 + 0.123 respectively and in the 
dividing nuclei the corresponding values are 10.41 + 0.098 and 20.18 
+ 0.108. The resting nuclei of the irradiated seeds 24 hours after 
germination gave the values 4.45 —- 0.065 and 8.76 + 0.135 hot Whe 
and 4x barley respectively. 

At later stages of analysis the values tended to approach that of 
controls, though even at 96 hours after germination DNA synthesis 
did not recover fully. Thus in 2x barley, the mean DNA content in 
resting nuclei at 48 and 96 hours after germination were 4.67 + 0.044 
and 4.75 + 0.062 respectively, showing some recovery with the lapse 
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of time. In 4x barley at the corresponding stages of analysis the DNA 
values obtained were 9.34 + 0.065 and 9.76 + 0.120. This trend of 
recovery at later stages of analysis was found to hold good at the 
dividing stages also. The range of DNA values in the nuclei from ir- 
radiated seeds was wider than that in controls. Some nuclei showed 
drastic reduction in DNA synthesis. The percentage reduction in 
DNA content in 2x and 4x barley showed no statistical difference. 
This was found to be true both at the resting and dividing stages. 
Another striking feature emerging from the data is the increased 
sensitivity of the dividing nuclei. 


2. Thermal neutrons. 

DNA contents in the root tip nuclei of diploid and autotetraploid 
barley after irradiation with thermal neutrons are summarised in 
Table 30 and the percentage reduction at various stages of analysis 
are given in Table 31- From the data it appears that DNA synthesis 
is affected adversely at all stages of analysis in both diploid and auto- 


TABLE 30. DNA content in diploid and autotetraploid barley treated with thermal 


neutrons. 
Resting nucleus Dividing nucleus 
Material Ree of No.of | | No.of | 
analysis | measure- Range Mean +S.E. | measure- Range Mean +-S 
ments ments 
Diploid 24 hours | 25 2.25 5.76 | 4.290.108 29 5.89—12.02 | 8.06 +0, 
48 hours | 32 2.27 5.65 | 4.420.093 29 95.78-11.77 | 8.440. 
96 hours 20 2.24 5.73 | 4.660.128 31 | 6.93-12.10 | 9.200 
Tetraploid 24 hours 26 4,43 9.36 | 7.680.165 22 9.36-14.28 | 13.130 
48 hours 21 4,40-— 9.39 | 8.580.191 26 10.17-19.18 | 15.49 +0 
| 96 hours 24 95.32-12.12 | 8.840.109 19 12.67-20.13 16.88 +0. 


TABLE 31. Percentage reduction of DNA content in the voot tip nuclei of diploid 
and autotetraploid barley treated with thermal neutvons. 
en 


Material Stage of analysis Resting nucleus Dividing nucleus 
Diploid 24 hours 15.12 22.57 
48 hours 15.65 18.98 
96 hours 7.89 11.64 
Tetraploid 24 hours 25.26 34.96 
48 hours 16.57 23.25 
96 hours 13.98 16.36 
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tetraploid barley. However, DNA synthesis tended to recover at 
later stages of analysis. The mean DNA contents in the control diploid 
barley were 5.06 + 0.198 in resting nucleus and 10.41 + 0.098 in 
dividing nucleus, while in the treated material the values were 4.29 + 
0.108, 4.42 + 0.093 and 4.66 + 0.128 in resting nucleus and 8.06 + 
0.313, 8.44 + 0.183 and 9.20 + 0.128 in the dividing nucleus at 24, 
48 and 96 hours after germination respectively. In control tetraploid 
the mean DNA content was 10.28 + 0.123 in the resting nucleus and 
20.18 + 0.108 in the dividing nucleus. In the treated material the 
values obtained were 7.68 + 0.168, 8.58 + 0.191 and 8.84 + 0.109 
in resting nucleus and 13.13 + 0.096, 15.49 + 0.263 and 16.88 + 
0.095 in dividing nuclei at various stages of analysis. DNA synthesis 


was drastically affected in some nuclei. In diploid control, the values 
ranged from 4.19 to 6.23 units in the resting nuclei and 8.96 to 13.65 
units in the dividing nuclei and the corresponding values for control 
tetraploid barley were 8.63 to 12.65 and 16.48 to 22.68 units. In the 
thermal neutron treated material the range was wider. In diploids, the 
DNA values in resting nuclei ranged from 2.24 to 5.76 units and in 
tetraploid the range was 4.40 to 12.12 units. In the dividing nuclei 
the respective ranges were 5.78 to 12.10 and 9.36 to 20.13 units. 
Thus some of the nuclei showed more than 50% reduction. 

The percentage reduction in DNA synthesis given in Table 31 
shows that the reduction in 4x barley is more than in 2x barley 
at all stages of analysis. It would thus appear that 4x barley is more 
sensitive to thermal neutron radiation than 2x barley with regard 
to the effect on DNA synthesis. Also, there is a greater reduction in 
the DNA content of dividing nuclei in comparison with that of resting 


nuclei. 
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